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DISCLAIMER 


This  report  has  been  prepared  for  the  United  States  Air  Force  for  the  purpose  of 
aiding  in  the  implementation  of  a  final  remedial  action  plan  under  the  Interagency 
Agreement  (I AG).  As  the  report  relates  to  actual  or  possible  releases  of  potentially 
hazardous  substances,  its  release  prior  to  Air  Force  final  decision  on  remedial  action  is 
in  the  public  interest.  The  limited  objectives  of  t’^is  report,  the  ongoing  nature  of 
remediation,  and  the  evolving  knowledge  of  site  conaitions  and  chemical  effects  on  the 
environment  and  health  all  must  be  considered  when  evaluating  this  report,  since 
subsequent  facts  may  become  known  which  may  make  this  report  premature  or  inac¬ 
curate.  Acceptance  of  this  report  in  performance  of  the  contact  under  which  it  was 
prepared  does  not  mean  that  the  U.S.  Air  Force  or  the  Department  of  Defense  adopts 
the  conclusions,  recommendations,  or  other  views  expressed  herein,  which  are  those  of 
the  contractor  only  and  do  not  necessarily  reflect  the  official  position  of  either 
department. 
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INTRODUCTION 


McClellan  Air  Force  Base  (AFB)  is  located  about  7  miles  northeast  of  downtown  Sac¬ 
ramento,  California  (see  Figure  1).  The  base  was  originally  established  in  1936  as  an 
air  repair  depot  and  supply  base  for  the  War  Department.  During  World  War  II, 
McClellan  AFB  became  a  major  industrial  facility;  in  the  early  1950s,  it  became  a  jet 
fighter  maintenance  depot.  Today,  McClellan  AFB  is  an  Air  Force  Lx)gistics  Command 
Center,  occupying  about  2,600  acres  and  employing  more  than  20,000  people. 

Historically,  McClellan  AFB  has  used  a  variety  of  toxic  materials  as  part  of  routine 
operations  and  maintenance  activities.  These  toxic  materials  have  included  industrial 
solvents,  caustic  cleaners,  electroplating  wastes  containing  heavy  metals,  jet  fuels,  and  a 
variety  of  oils  and  lubricants  (Radian  Corporation,  1990).  In  August  1979  the  McClel¬ 
lan  AFB  Environmental  Protection  Committee  created  a  special  groundwater  contami¬ 
nation  task  force  (now  inactive)  to  determine  whether  groundwater  quality  problems 
existed  in  the  area.  This  voluntary  action  was  prompted  by  concern  that  previous  use 
of  toxic  chemicals,  particularly  trichloroethylene  (TCE),  could  have  affected  ground- 
water  quality.  Samples  collected  from  several  wells  on  and  near  the  base  during  1979 
and  1980  confirmed  the  presence  of  TCE  in  certain  wells.  As  a  result,  those  wells  were 
taken  out  of  service. 

Investigations  have  been  conducted  at  McClellan  AFB  under  the  Air  Force  Installation 
Restoration  Program  and  the  Superfund  program  since  the  discovery  of  groundwater 
contamination.  Results  of  these  investigations  show  that  contamination  is  mainly  con¬ 
fined  to  the  uppermost  groundwater  zones  beneath  the  base.  Drinking  water  wells  in 
the  vicinity  of  the  base  draw  primarily  from  deeper  groundwater  zones  (Radian  Cor¬ 
poration,  1990).  Heavy  pumping  from  many  of  these  wells  has  created  a  downward 
gradient  of  flow  in  the  groundwater  system  beneath  the  base. 

Concern  mounted  that  existing  inactive  water  supply  wells  at  McClellan  AFB  may  serve 
as  conduits,  allowing  contaminated  groundwater  near  the  water  table  to  migrate  to 
deeper  zones  through  the  casing  and  gravel  pack  and  potentially  threaten  drinking 
water  supplies  downgradient  from  the  base.  Therefore,  McClellan  AFB  issued  a  State¬ 
ment  of  Work  in  June  1990  that  authorized  a  Water  Well  Abandonment  Project  to 
decommission  several  inactive  water  supply  wells  on  the  base. 

Originally,  eight  inactive  water  supply  wells  were  targeted  for  decommissioning.  How¬ 
ever,  four  of  these  wells  (Base  Wells  3,  6,  16,  and  19)  were  eliminated  from  consider¬ 
ation  because  they  could  not  be  located.  Later,  City  Well  150  (CW-150),  on  Astoria 
Street  near  the  southwestern  base  boundaiy,  was  added  to  the  list  for  decommission¬ 
ing.  The  general  locations  of  the  five  wells  abandoned  duiing  the  course  of  this  project 
are  shown  in  Figure  2. 

The  first  project  task  involved  the  preparation  of  a  work  plan  that  governed  the  decom¬ 
missioning  approach.  In  December  1990,  that  plan,  entitled  Well  Closure  Methods  and 
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FIGURE  2 

PRODUCTION  WELLS 

AT  McClellan  air  force  base 


Procedures  (the  Plan),  was  submitted  to  the  representatives  of  agencies  party  to  the 
Interagency  Agreement  (lAG),  the  agencies  that  govern  remedial  activities  at  the  base. 
The  Plan  was  modified  to  incorporate  agency  comments  and  given  final  approval  in 
January  1991.  In  addition  to  proposing  a  decommissioning  approach,  the  Plan  provided 
a  discussion  of  hydrogeology  in  the  vicinity  of  McClellan  AFB,  inventoried  existing 
water  supply  wells,  summarized  construction  details  for  wells  scheduled  for  abandon¬ 
ment,  proposed  a  geophysical  method  to  locate  wells  not  visible  at  the  surface,  listed 
applicable  regulations  governing  abandonment,  and  presented  a  Health  and  Safety  Plan 
to  govern  field  work. 

Well  decommissioning  field  activities  took  place  between  February  and  July  1991. 
Field  work  involved  removing  existing  pumps  from  three  wells,  followed  by  conducting 
television  surveys  in  each  of  the  wells.  Some  rehabilitation  on  the  wells  was  necessary 
based  on  the  results  of  the  television  surveys.  After  rehabilitation,  a  second  television 
survey  was  conducted,  followed  by  cementing  operations  to  plug  the  wells.  Five  wells 
were  decommissioned;  Base  Well  No.  1  (BW-1),  BW-2,  BW-12,  BW-27,  and  CW-150. 
At  the  conclusion  of  each  stage  of  work  at  each  well,  equipment  was  decontaminated 
by  steam-cleaning  at  a  central  location  on  the  base. 

This  document  describes  the  field  activities  carried  out  to  decommission  the  five  wells 
including  pump  removal,  television  surveying,  rehabilitation,  and  cementing.  Based  on 
experience  gained  in  that  operation,  this  report  recommends  an  approach  for  future 
well  decommissioning  activities  at  the  base.  It  also  includes  an  updated  inventory  of 
known  base  water  supply  wells  and  recommends  future  decommissioning  work.  Notes 
maintained  during  field  activities  are  included  as  Appendix  A. 


PRELIMINARY  ABANDONMENT  ACTIVITIES 

PUMP  REMOVAL 

Pumps  were  removed  from  BW-1,  BW-2,  and  BW-12  between  February  4  and  Febru¬ 
ary  11,  1991,  by  Layne-Western.  Pumps  from  BW-27  and  CW-150  had  been  removed 
earlier  by  McClellan  AFB  and  the  City  of  Sacramento.  CH2M  HILL  supervised  the 
work  and  monitored  safety  and  ambient  air  conditions  with  a  photoionization  detector, 
explosimeter,  and  radiation  meter.  No  elevated  readings  above  background  were 
observed  during  pump  removal  or  during  any  other  field  activities.  A  technical  memo¬ 
randum  was  prepared  following  pump  removal  and  the  initial  television  survey 
(included  in  Appendix  B).  The  well  locations  are  shown  in  Figure  2. 

The  BW-12  pump  was  removed  first.  After  the  electric  motor  was  removed  from  the 
pump  shaft  and  discharge  pipes  and  a  drive  shaft  to  an  auxiliary  generator  had  been 
detached,  an  attempt  was  made  to  pull  the  column  pipe  and  pump  bowls  from  he 
well.  However,  the  pump  could  not  be  lifted  from  the  well  with  the  equipment  being 
used,  a  rig  with  16,000-pound  lift  capacity.  It  was  necessaiy  to  use  a  larger  rig  with  a 
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50, 000- pound  lift  capacity,  possibly  because  the  pump  bowls  were  wedged  against  the 
side  of  the  casing. 

The  rig  with  a  16,000-pound  lift  capacity  easily  pulled  the  pumps  from  BW-1  and 
BW-2.  The  only  difficulty  occurred  when  the  BW-2  pump  column  pipe  would  not 
unscrew  at  the  joints.  The  pipe  was  torched  and  cut.  All  pumps,  motors,  and  piping 
were  transported  to  the  McClellan  AFB  Defense  Reutilization  and  Marketing  Office 
(DRMO)  at  Building  700. 

INITIAL  TELEVISION  SURVEY 

On  February  12,  1991,  downhole  television  surveys  were  conducted  on  CW-150,  BW-1, 
BW-2,  BW-12,  and  BW-27  by  Welenco,  Inc.,  under  the  supervision  of  CH2M  HILL. 
The  purpose  of  the  television  surveys  was  to  evaluate  the  condition  of  the  casing  prior 
to  cementing.  Attributes  noted  included  depth  intervals  of  existing  perforations,  depth 
of  the  well,  presence  of  obstructions  or  encrustations  in  the  casing  or  fill  material  in  the 
bottom  of  the  casing,  and  ability  of  the  casing  to  withstand  cementing  pressures,  as 
indicated  by  the  presence  of  cracks  or  holes,  and  corrosion  along  the  slots.  At  each 
well,  a  video  camera  was  lowered  down  the  well  to  the  bottom  of  the  casing. 

City  Well  150 

The  initial  television  survey  revealed  that  the  casing  in  CW-150  was  in  relatively  good 
condition.  The  casing  consisted  of  14-inch-diameter  steel  with  horizontal  louvered 
screen  beginning  at  a  depth  of  143  feet  and  continuing  to  the  bottom  of  the  well.  A 
thin  film  of  pump  lubricating  oil  was  observed  floating  on  top  of  the  water  in  the  well 
at  a  depth  of  98  feet.  At  168  feet,  an  obstruction  that  appeared  to  be  a  rock,  wedged 
and  partially  blocking  the  casing,  was  encountered.  Welenco  pulled  the  video  camera 
out  of  the  well,  closed  the  spring  guides  that  keep  the  camera  centered  in  the  hole,  and 
then  lowered  it  into  the  well  again. 

On  the  second  attempt,  the  camera  successfully  passed  the  obstruction  without  dislodg¬ 
ing  it.  At  183  feet,  a  small-diameter  pipe  was  observed,  apparently  an  air  line  associ¬ 
ated  with  the  former  pump.  This  air  line  extended  to  the  bottom  of  the  well,  where 
smaller  pieces  of  air  line  pipe  were  also  found.  A  second  obstruction  was  encountered 
at  334  feet,  but  gentle  prodding  with  the  camera  dislodged  it. 

Beginning  at  344  feet,  rocks  and  assorted  debris  were  found  in  the  leasing,  blocking  the 
camera  and  halting  the  survey  at  347  feet.  It  was  determined  that  the  lower  25  feet  of 
the  well  was  filled  with  debris. 

Base  Wells  1,  2,  12,  and  27 

The  initial  television  survey  revealed  that  each  of  the  former  production  wells  on 
McClellan  AFB  was  filled  with  what  appeared  to  be  iron  bacteria,  making  it  difficult  to 
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observe  the  condition  of  the  casing.  These  bacteria  consisted  partly  of  gelatinous  mate¬ 
rial  and  partly  of  encrustations  of  precipitated  iron  oxide.  In  each  well,  the  water  was 
cloudy  in  the  blank  casing  above  the  top  of  the  slotted  interval,  but  became  clearer  in 
the  slotted  zones,  presumably  because  of  the  movement  of  groundwater.  However,  it 
was  difficult  to  locate  the  top  and  bottom  of  each  interval  of  slots  because  the  casing 
was  obscured  by  iron  bacteria.  In  each  well,  slots  consisted  of  vertical  perforations  cut 
in  the  steel  casing.  Where  visible,  the  slots  were  plugged  with  bacterial  deposits. 

Both  BW-1  and  BW-2  contained  12-inch-diameter  steel  casing,  BW-12  contained 
14-inch-diameter  steel  casing,  and  BW-27  contained  6-inch-diameter  steel  casing. 
Because  of  poor  visibility,  it  was  difficult  to  tell  whether  construction  details  in  the  wells 
conformed  to  available  data  for  the  wells.  In  BW-1,  the  casing  appeared  to  be  slightly 
corroded  above  the  water,  with  heavier  corrosion  noted  at  a  depth  of  97  feet.  Water 
was  contacted  in  BW-1  at  110  feet,  with  about  1  foot  of  lubricating  oil  floating  on  the 
water.  The  bottom  of  BW-1  was  filled  with  a  soft  accumulation  of  debris  at  a  depth  of 
355  feet.  According  to  available  data,  this  well  was  400  feet  deep,  indicating  that 
45  feet  of  the  casing  was  filled  with  debris. 

Some  corrosion  was  noted  in  the  casing  above  the  water  table  in  BW-2.  Visibility 
below  the  water  table  was  poor  because  of  the  iron  bacteria.  No  lubricating  oil  was 
found  on  the  water  although  the  pump  had  been  recently  removed.  The  surface  of  the 
Nvater  lay  in  an  interval  of  slots,  which  probably  allowed  the  oil  to  migrate  out  of  the 
well.  Soft  debris  filled  the  casing  at  a  depth  of  288  feet.  Because  the  total  depth  of 
BW-2  was  298  feet,  it  was  determined  that  10  feet  of  debris  filled  the  casing. 

BW-12  was  located  in  a  subsurface  vault,  about  10  feet  below  ground  surface.  A 
14-inch-diameter  casing  was  observed,  not  the  12-inch  casing  originally  reported  for  this 
well.  Water  was  contacted  at  about  109  feet,  with  about  1  foot  of  lubricating  oil  float¬ 
ing  on  top.  As  before,  visibility  in  the  well  was  poor.  According  to  available  informa¬ 
tion,  BW-12  was  slotted  continuously  from  a  depth  of  164  feet  to  the  total  depth  of 
395  feet.  The  television  survey  located  the  top  of  the  slots  at  a  depth  of  about 
167  feet,  but  lost  track  of  them  at  a  depth  of  350  feet,  suggesting  that  no  groundwater 
movement  was  occurring  through  the  slots  below  this  depth.  A  soft  bottom  was  con¬ 
tacted  at  384  feet,  indicating  that  the  lower  1 1  feet  of  casing  was  filled  with  debris. 

Only  a  thin  film  of  oil  was  observed  on  the  top  of  the  water  in  BW-27,  contacted  at  a 
depth  of  92  feet.  The  casing  below  the  water  was  very  heavily  encrusted  with  iron 
bacteria,  which  obscured  the  slots  throughout  most  of  the  well.  A  soft  accumulation  of 
debris  filled  the  casing  at  a  depth  of  257  feet.  Because  the  total  depth  of  BW-27  was 
262  feet,  it  was  determined  that  about  4  feet  of  debris  filled  the  casing. 

WELL  REHABILITATION 

The  initial  television  survey  revealed  the  need  for  rehabilitation  work  on  the  five  wells. 
McClellan  AFB  authorized  this  work,  which  was  performed  by  Layne-Western  under 
the  supervision  of  CH2M  HILL  from  March  13,  to  March  27,  1991.  Rehabilitation  of 
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CW-150  involved  retrieving  sections  of  air  line  pipe  from  the  well  with  a  bailer.  A  total 
of  322  feet  of  piping  was  removed  from  CW-150  and  transported  to  DRMO  for  dis¬ 
posal.  Other  obstructions  and  debris,  including  sticks  and  stones,  were  also  removed 
from  the  well.  At  the  conclusion  of  work  at  this  well,  2  feet  of  soft  sediment  remained. 

The  first  action  taken  at  base  wells  was  to  bail  the  1  foot  of  lubricating  oil  floating  on 
the  water  in  BW-1  and  BW-12.  This  oil  was  placed  in  55-gallon  drums,  which  were 
sealed  and  stored  at  the  wellhead.  Because  oil  mixed  with  water  during  the  bailing,  two 
drums  were  used  at  each  well  to  ensure  that  all  oil  was  removed.  The  oil  was  disposed 
by  a  petroleum  recycler  at  the  conclusion  of  the  project. 

Each  of  the  base  wells  was  cleaned  to  remove  iron  bacteria  and  encrustations  from  the 
casings.  Several  removal  methods  were  evaluated  prior  to  cleaning.  Chemical  meth¬ 
ods,  such  as  adding  hypochlorite  or  acid  solutions  with  swabbing  and  pumping,  were 
rejected  because  of  the  need  to  avoid  pumping  and  disposing  of  potentially  contami¬ 
nated  water.  S*  nar  jetting  to  remove  the  encrustations  was  also  rejected  because  the 
condition  of  the  casing  was  unknown,  and  this  method  could  damage  or  collapse  the 
casing. 

The  technique  for  base  well  cleaning  used  involved  raising  and  lowering  a  steel  brush 
along  the  inside  of  the  casing  to  dislodge  iron  bacteria  and  encrustations.  Each  well 
was  slowly  brushed  from  top  to  bottom  in  200-foot  strokes  until  the  casing  was  judged 
to  be  clean.  The  brush  was  fabricated  by  drilling  closely  spaced  holes  in  a  6-foot  length 
of  steel  pipe.  Steel  cable  was  then  drawn  through  the  pipe  and  cut  at  a  length  that 
corresponded  to  the  diameter  of  the  casing.  The  cable  was  unraveled  so  that  steel  wire 
formed  a  rigid  brush.  Brushes  of  6-,  12-,  and  14-inch-diameters  were  prepared  for  the 
four  base  wells  to  accommodate  their  different  casing  diameters. 

SECOND  TELEVISION  SURVEY 

Layne-Western  conducted  a  second  television  survey  in  the  base  wells  on  March  28, 
1991.  A  second  survey  of  CW-150  was  not  necessary  because  the  initial  survey  had 
shown  the  casing  and  well  screen  to  be  in  good  condition.  The  second  television  survey 
revealed  that  bacteria  and  encrustations  had  been  successfully  removed  from  each  of 
the  base  wells.  Well  casing  appeared  to  be  solid  and  in  reasonably  good  condition  in 
BW-1,  BW-2,  and  BW-27.  However,  the  casing  in  BW-12  was  in  an  advanced  state  of 
deterioration,  with  cracks  and  holes  at  numerous  locations.  Many  of  the  slotted  perfor¬ 
ations  appeared  to  have  "ragged"  edges,  suggesting  that  corrosion  had  occurred.  The 
second  survey  also  revealed  that  the  14-inch-diameter  casing  extended  only  to  a  depth 
of  140  feet.  Below  that  depth,  casing  was  12  inches  in  diameter. 
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CEMENTING  OPERATIONS 


Wells  were  abandonet!  by  cementing  between  March  29  and  July  26, 1991,  according  to 
procedures  outlined  in  the  Plan.  Cement  materials  and  equipment  were  provided  by 
Halliburton  Services,  with  support  rigs,  piping  and  perforating  equipment  supplied  by 
Layne-Western.  CH2M  HILL  supervised  the  abandonment  activities, 

GROUT  MATERIALS 

Several  types  of  cements  and  additives  were  listed  in  the  Plan  for  use  in  decommission¬ 
ing  wells  at  McClellan  AFB,  These  included  API  Class  G  and  H  cements,  chemically 
similar  to  common  portland  cement  but  manufactured  to  rigorous  chemical  and  physi¬ 
cal  specifications,  resulting  in  a  more  uniform,  fine-grained  product  (Halliburton  Ser¬ 
vices,  1981).  Class  H  cement  is  commonly  mixed  by  Halliburton  Services  in  a 
50/50  ratio  with  pozzolans,  siliceous  materials  that  develop  cementing  properties  by 
reacting  chemically  in  the  presence  of  lime  and  water.  When  mixed  with  cement  in  dry 
bulk  foim,  pozzolans  decrease  the  weight  of  the  slurry,  provide  low  permeability  and 
low  water/solids  ratio,  and  make  pumping  easier.  The  50/50  mixture,  marketed  by 
Halliburton  as  PoLmix,  has  a  hydraulic  conductivity  of  less  than  lO'^*^  cm/sec  after  curing 
(Halliburton  Services,  1981).  Pozmix  was  the  basic  cement  used  in  decommissioning 
wells  at  McClellan  AFB. 

A  special  cement  known  as  standard  fine  cement  was  used  during  cementing  at  BW-1 
and  BW-12.  Marketed  by  Halliburton  Services  as  Matrix  Cement,  this  cement  was  not 
listed  in  the  Plan  but  was  approved  by  the  California  Department  of  Health  Services 
(DHS)  during  the  abandonment  process  because  of  its  useful  properties.  A  Material 
Safety  Data  Sheet  (MSDS)  for  Matrix  Cement  is  included  in  Appendix  C.  Matrix 
Cement  is  chemically  similar  to  portland  cement.  However,  Matrix  Cement  particle 
sizes  are  approximately  10  times  smaller  than  standard  cement  particles.  This  property 
reduces  the  viscosity  of  the  cement  and  enables  it  to  penetrate  openings  as  fine  as 
0.05  mm  (Halliburton  Services,  1991). 

Various  additives  were  mbced  with  the  cement  to  improve  the  characteristics  of  the 
grout  material.  During  the  decommissioning,  additives  included  bentonite  powder, 
CFR-3,  calcium  chloride,  Flocele,  and  quick-setting  gypsum  cement.  Bentonite  powder 
was  dry-mixed  with  Pozmix  at  a  ratio  of  2  percent.  Bentonite  increases  the  slurry  and 
set  volume  and  reduces  shrinkage  because  of  the  water  adsorption  properties  of  col¬ 
loidal  clay.  Bentonite  also  improves  the  suspension  quality  of  the  mix,  thus  reducing 
the  settling  out  or  separation  of  cement  particles  from  the  slurry  (Halliburton  Services, 
1981). 

CFR-3  is  a  dispersant,  or  friction  reducer,  composed  of  sulfonic  acid  salt.  This  additive 
improves  the  mixing  of  other  components  of  the  grout  by  increasing  the  turbulent  flow 
of  the  slurry,  a  property  that  also  aids  in  penetrating  gravel  packs.  In  addition,  CFR-3 
increases  cement  density,  aids  in  fluid-loss  control,  and  increases  the  salt  tolerance  of 
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the  grout  if  calcium  chloride  is  added  (Halliburton  Services,  1985).  At  McClellan  AFB, 
CFR-3  was  typically  added  to  Matrix  Cement  to  create  a  mix  with  maximum  ability  to 
move  through  slotted  casing  and  penetrate  the  gravel  pack. 

Calcium  chloride,  available  in  powdered  or  flake  form,  was  added  to  the  mix  in  quanti¬ 
ties  of  about  2  to  3  percent  to  accelerate  the  early  strength  of  the  cement,  thus  reduc¬ 
ing  the  time  required  for  the  mix  to  set  up.  Calcium  chloride  was  added  either  to  the 
dry  mix  or  to  the  mixing  water.  For  example.  Class  H  cement  with  2  percent  calcium 
chloride  achieves  a  compressive  strength  of  1,100  psi  after  6  hours  at  95®F  (Halliburton 
Services,  1981).  Experience  showed  that  the  cement  set  up  more  quickly  when  the 
calcium  chloride  was  added  to  the  dry  mix  at  the  plant. 

Two  additives  were  used  to  reduce  losses  to  permeable  formations.  Flocele  consists  of 
cellulose  film  flakes,  about  3/8-inch  in  diameter,  that  are  chemically  inert  and  do  not 
affect  the  compressive  strength  of  the  cement  (Halliburton  Services,  1985).  Flocele  was 
added  to  the  mixing  water  at  a  ratio  of  about  0.75  percent  by  weight.  Cal-Seal,  or 
gypsum  (calcium  sulfate),  sets  up  in  20  minutes  when  blended  with  portland  cement.  In 
addition,  it  expands  0.3  percent  in  setting,  forming  a  tight  seal.  These  properties  make 
Cal-Seal  a  good  choice  to  seal  lost  circulation  zones  (Halliburton  Services,  1985).  Cal- 
Seal  was  mixed  with  Class  G  cement  at  a  ratio  of  about  8  percent  to  help  seal  off  per¬ 
meable  zones  in  BW-1.  Cellulose  flakes  and  gypsum  were  listed  In  the  Plan,  but  MSDS 
sheets  were  not  included.  Therefore,  MSDS  sheets  for  Flocele  and  Cal-Seal  are 
included  in  Appendix  C. 

GROUT  PLACEMENT 

The  Plan  proposed  that  wells  be  decommissioned  using  a  downhole  squeeze  method. 
Squeeze  grouting  can  be  defined  as  applying  external  pressure  to  the  cement  to  force  it 
through  the  casing  perforations  into  the  gravel  pack  until  it  forms  a  seal  against  the 
formation  wall.  A  downhole  squeeze  involves  applying  the  external  pressure  downhole, 
rather  than  at  the  wellhead.  Using  this  approach,  the  well  is  cemented  in  a  series  of 
lifts.  Pressure  is  applied  on  each  lift  to  obtain  improved  control  and  minimize  cement 
losses  to  permeable  zones.  The  goal  is  to  ensure  that  low-permeability  zones,  or  aqui- 
tards,  are  sealed  to  prevent  cross-migration  of  groundwater  among  aquifer  zones  along 
the  borehole. 

During  the  cementing  operations,  the  process  outlined  in  the  Plan  was  modified  in 
response  to  field  conditions.  However,  the  Plan’s  basic  approach  (abandonment  in  lifts 
using  a  downhole  squeeze)  was  retained.  The  following  sections  describe  the  proce¬ 
dures  followed  at  each  well.  This  report  also  contains  a  modified  abandonment 
approach  that  is  recommended  for  use  in  future  abandonment  efforts  at  i/IcClellan 
AFB. 
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City  Well  150 


CW-150,  the  first  well  to  be  decommissioned,  was  abandoned  between  April  1  and 
April  8,  1991.  Table  1  provides  a  summary  of  CW-150  cementing  operations.  This 
well  was  operated  by  the  City  of  Sacramento.  It  is  located  near  the  southwest  base 
boundary,  as  shown  in  Figures  2  and  3.  A  representation  of  cementing  operations  in 
CW-150  is  shown  in  Figure  4. 

CW-150,  constructed  in  1967,  was  372  feet  deep.  The  casing  was  14  inches  in  diameter 
and  was  contained  within  a  28-inch  borehole.  The  gravel  pack  consisted  of  one  part 
pea  gravel  and  one  part  sand.  Because  the  pore  spaces  of  the  gravel  pack  were  filled 
with  sand,  the  assumption  of  a  40  percent  porosity  may  have  been  high.  The  volume  of 
cement  required  to  fill  the  empty  casing  plus  the  gravel  pack  is  2.35  cubic  feet  of 
cement  per  foot  of  rise  assuming  a  40  percent  porosity;  2.03  cubic  feet  of  cement  per 
foot  of  rise  assuming  a  30  percent  porosity;  and  1.71  cubic  feet  of  cement  per  foot  of 
rise  assuming  a  20  percent  porosity.  CW-150  was  screened  continuously  from  144  feet 
to  the  total  depth  of  the  well  with  1/8-inch  louvers.  Thus,  it  was  only  necessary  to  per¬ 
forate  this  well  from  85  feet  to  140  feet.  Groundwater  lay  at  a  depth  of  about 
98.5  feet. 

On  April  1  it  was  discovered  that  the  cup  packer  would  not  fit  in  the  casing,  delaying 
cementing  until  April  4  while  Halliburton  fabricated  a  new  packer.  During  this  down¬ 
time,  it  was  decided  to  have  the  Layne- Western  crew  perforate  the  blank  sections  of 
casing  on  BW-1  in  order  to  get  a  head  start  on  that  well  and  avoid  paying  standby  time. 

The  diameter  of  the  cup  packer  was  considered  critical  to  achieving  an  effective 
squeeze.  The  cup  packer  diameter  needed  to  be  about  one-eighth  inch  smaller  than 
the  inside  diameter  of  the  casing.  Smaller  diameters  would  not  ensure  that  the  casing 
seal  would  withstand  high  pressures,  and  larger  diameters  would  not  move  easily  down 
the  casing.  Although  other  types  of  retrievable  packers  are  available  in  the  oil  industry, 
all  are  designed  for  API  casing,  and  do  not  fit  water  well  casing.  At  this  stage  of  the 
project,  it  was  not  known  that  a  cup  packer  would  not  work  in  continuously-screened 
wells  such  as  CW-150. 

The  first  lift  was  pumped  on  April  4,  with  the  tremmie  pipe  set  at  360  feet.  Tremmie 
pipe  consisted  of  20  foot  sections  of  2'/2-inch-inside-diameter  threaded  steel  pipe.  The 
first  step  was  to  pump  about  three  barrels,  or  126  gallons,  of  water  down  the  pipe  to 
establish  circulation  and  make  sure  there  were  no  obstructions.  Next,  as  shown  in 
Table  1,  about  36  cubic  feet  of  Pozmix  with  bentonite  and  calcium  chloride,  adjusted  to 
a  density  of  14.1  pounds  per  gallon,  was  pumped  into  the  well.  A  sample  of  the  grout 
was  collected  from  the  tank  and  placed  in  the  shade.  Following  cement  placement, 
three  joints  of  tremmie  pipe  were  removed  from  the  well  to  avoid  cementing  it  in  the 
well.  Then  about  15  gallons  of  water  were  flushed  through  the  system  to  clean  cement 
residues  from  the  mixer,  pump,  and  lines.  This  dilute  wash  water  was  pumped  down 
the  well  to  avoid  additional  disposal  problems.  Afterwards,  the  remaining  pipe  was 
pulled  from  the  well  and  fitted  with  the  cup  packer. 
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Table  1 

Summaty  of  Cementing  Operations  at  City  Well  No.  150 

Perforated 

Interval 

(ft) 

Depth 
Packer  Set 
(ft) 

Interval 

Cemented 

(ft) 

Rise 

(ft) 

Grout 

Formulation 

Density 

(Ib/gal) 

Cement 

Volume 

(ft^) 

Cement 

Vol.  Per 
Foot  of  Rise 
(ft^/ft) 

372-144 

(existing) 

N/A^ 

372-359 

13 

Pozmix 

2%  bentonite 
3%  aci2 

14.1 

36.2 

2.78 

Same 

N/A 

359-330 

29 

Pozmix 

2%  bentonite 
3%  Cacl2 

14.1 

60.5 

2.09 

Same 

N/A 

330-215 

115 

Pozmix 

2%  bentonite 
3%  c::aci2 

14.1 

231.0 

2.01 

Same 

N/A 

215-141 

74 

Glass  G 

Cement 

2%  bentonite 
3%  Cacl2 

0.75%  CRF-3 

15.6 

125.6 

1.70 

140-85 

(new) 

N/A 

141-109 

32 

Class  G 

Cement 

2%  bentonite 
0.75%  CRF-3 

15.6 

49.1 

1.53 

Same 

50 

109-77 

32 

Class  G 

Cement 

2%  bentonite 
3%  Cacl2 

0.75%  CRF-3 

15.6 

62.8 

2.26'’ 

N/A 

N/A 

77-5 

72 

Pozmix 

2%  bentonite 
3%  Cacl2 

14.1 

77.0 

1.07' 

^N/A  =  Not  Applicable 

'’Assumed  cement  filled  only  the  casing  above  85  feet 
'Casing  Volume  =  1.07  ft'Vt 
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It  proved  difficult  to  force  the  packer  down  the  well,  even  with  the  smaller  diameter. 
By  using  a  winch  and  applying  a  head  of  water  above  the  packer,  the  crew  was  able  to 
move  it  down  to  about  88  feet.  By  this  time,  nearly  2  hours  had  elapsed  since  the 
cement  was  pumped.  After  conferring  with  Halliburton,  it  was  decided  to  pull  the 
packer  from  the  well  and  immediately  apply  a  head  of  water.  Continuing  to  push  the 
packer  down  the  hole  would  have  been  time  consuming  and  would  risk  damaging  the 
casing.  Squeezing  on  cement  that  was  setting  up  at  a  depth  of  370  feet  with  a  packer 
at  88  feet  was  not  attempted  because  the  pressure  would  have  been  dissipated  in  per¬ 
meable  zones  along  the  way.  Applying  a  downhole  squeeze  with  a  cup  packer  in 
CW-150,  a  well  that  was  continuously  screened,  was  also  not  an  acceptable  procedure. 
It  would  be  difficult  to  maintain  pressure  on  the  cement  because  pressure  would  be  lost 
through  the  perforations  above  the  cement  and  below  the  packer.  Even  if  the  adjacent 
formation  were  a  tight  clay,  pressure  would  be  lost  as  water  moved  vertically  in  the 
surrounding  gravel  pack. 

Halliburton  research  has  shown  that  Pozmix  will  migrate  through  a  well  screen  and 
gravel  pack  under  a  driving  pressure  of  less  than  30  psi  (Halliburton,  1987).  A  copy  of 
this  research  is  included  in  Appendix  D.  The  hydrostatic  pressure  exerted  by  a  column 
of  water  is  about  0.433  psi  per  foot.  Thus,  a  driving  pressure  of  30  psi  is  obtained  by  a 
column  of  water  about  70  feet  high.  This  pressure  is  transmitted  evenly  to  all  points  in 
the  well  below  the  head  of  water.  After  removal  of  the  packer  from  CW-150,  water 
was  pumped  into  the  well  at  a  sufficient  rate  to  fill  the  casing  to  the  ground  surface.  A 
head  of  98.5  feet  of  water  applied  a  differential  pressure  of  about  43  psi  to  the 
cement.  This  head  of  water  was  maintained  during  cement  set-up  time. 

Tremmie  pipe  was  run  into  the  well  to  tag  the  top  of  the  cement  in  the  casing  after  the 
previously  collected  cement  sample  had  set  up.  The  cement  was  considered  set  up 
when  it  would  support  the  weight  of  the  entire  string  of  tremmie  pipe.  This  test  proce¬ 
dure  was  considered  adequate  because  grout  develops  greater  compressive  strength  in 
the  gravel  pack  than  in  the  open  casing,  due  to  greater  bonding  area  available  to  the 
cement  in  the  pore  spaces  of  the  gravel  pack. 

In  this  manner,  CW-150  continued  to  be  cemented  in  a  series  of  lifts  as  shown  in 
Table  1.  Because  the  well  contained  louvered  screen  from  144-372  feet,  it  was 
unnecessary  to  perforate  the  casing  during  this  interval.  However,  the  casing  was 
perforated  from  a  depth  of  85-140  feet,  as  shown  in  Table  1.  Perforations  were  cut 
with  a  hydraulic  mills  knife.  At  a  depth  of  215  feet,  it  was  decided  to  vary  the  grout 
formulation  in  an  effort  to  improve  the  ability  of  the  grout  to  penetrate  the  gravel 
pack.  Concern  had  centered  on  the  possibility  that  known  permeable  zones  in  the 
vicinity  of  CW-150  would  cause  excessive  losses  to  the  formation.  However,  the  well 
was  taking  slightly  less  cement  than  ideal  at  an  assumed  of  40  percent  porosity  in  the 
gravel  pack.  Class  G  cement  was  tried  with  CFR-3  added,  and  the  density  increased  to 
more  than  normal  (from  about  14.8  to  15.6  pounds  per  gallon).  However,  this  mix 
proved  less  successful  than  the  Pozmix  and  was  not  used  in  abandonment  at  the  other 
wells. 
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The  cup  packer  was  used  on  the  next-to-last  lift,  where  it  was  set  at  a  depth  of  50  feet. 
Water  was  pumped  through  the  tremmie  pipe  until  the  packer  and  piping  began  to  lift 
from  the  ground  while  chained  and  held  down  with  the  mast  on  the  pump  rig.  Water 
pressure  was  eased  and  reapplied  in  a  continuous  cycle  as  the  cement  set  up.  The  final 
lift  was  gravity  fed  through  tremmie  pipe  until  the  cement  remained  at  a  depth  of 
about  5  feet.  Later,  the  casing  was  cut  at  a  depth  of  about  3  feet,  and  a  3-foot-diam¬ 
eter  hole  was  dug  around  the  well.  This  space  was  filled  to  the  ground  surface  with 
concrete. 

Base  Well  27 

BW-27  was  decommissioned  between  April  9  and  April  12,  1991.  The  location  of 
BW-27  is  shown  in  Figures  2  and  5.  Table  2  and  Figure  6  summarize  the  history  of 
cementing  operations  at  BW-27. 

BW-27  was  constructed  in  1962,  with  6-inch-diameter  casing.  The  borehole  diameter 
was  not  listed  on  the  Well  Drillers  Report,  but  the  conductor  casing  was  listed  as 
12  inches  in  diameter.  Thus,  the  borehole  diameter  was  estimated  to  be  12  inches. 
The  composition  of  the  gravel  pack  was  also  unknown,  but  the  volume  of  cement 
required  to  decommission  the  well  was  about  0.43  cubic  foot  of  cement  per  foot  of  rise 
assuming  a  40  percent  porosity,  about  0.38  cubic  foot  of  cement  per  foot  of  rise  assum¬ 
ing  a  30  percent  porosity,  or  0.32  cubic  foot  of  cement  per  foot  of  rise  assuming  a 
20  percent  porosity. 

The  downhole  squeeze  approach  to  well  abandonment  was  refined  at  BW-27.  As  at 
CW-150,  tremmie  pipe  was  lowered  in  the  well  for  the  first  lift  to  a  position  about 
10  feet  above  the  bottom,  or  a  depth  of  about  250  feet.  The  minimum  amount  of 
cement  that  Halliburton  could  mix  and  pump  at  one  time  was  about  three  barrels,  or 
16.8  cubic  feet.  The  grout  formulation  used  throughout  the  abandonment  of  BW-27 
was  Pozmix,  with  2  percent  bentonite  gel  and  3  percent  calcium  chloride.  First,  about 
three  barrels  of  water  was  pumped  through  the  tremmie  pipe  to  establish  circulation, 
after  which  16.8  cubic  feet  of  Pozmix  was  pumped  down  the  well.  The  pipe  was  pulled 
up  about  60  feet  and  approximately  15  barrels  of  water  pumped  through  the  mixer, 
pump,  and  pipe  to  flush  and  clean  the  system  of  cement.  Next,  the  tremmie  pipe  was 
withdrawn  from  the  well  and  fitted  with  a  cup  packer.  The  cup  packer  was  lowered  in 
the  hole  but  became  very  difficult  to  push  at  a  depth  of  about  175  feet.  Because  the 
cup  packer  might  have  been  pushing  cement,  it  was  decided  to  set  the  cup  packer  at  a 
depth  of  200  feet  and  pump  water  to  apply  pressure.  About  60  psi  was  achieved  and 
2.5  barrels  of  water  had  been  pumped  when  all  pressure  was  lost.  After  the  pump  was 
turned  off,  water  continued  to  drain  from  the  mixing  tank  under  the  force  of  the  head 
of  water  in  the  pipe.  This  indicated  that  a  permeable  zone  was  taking  all  the  water 
that  could  be  applied.  To  avoid  cementing  the  cup  packer  in  the  hole,  it  was  removed 
from  the  well.  Water  was  pumped  into  the  well  at  about  400  gpm  to  apply  a  head. 
Setup  was  judged  in  the  same  manner  as  CW-150.  When  the  sample  was  set,  the  trem¬ 
mie  pipe  was  run  down  the  hole  to  tag  the  top  of  the  cement.  The  top  was  found  at  a 
depth  of  251  feet,  indicating  a  large  amount  of  cement  was  lost  to  a  permeable  zone: 
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Table  2 

Summary  of  Cementing  Operations  at  Base  ^\ell  No.  27 


Perforated 

Interval 

(ft) 

Depth 
Packer  Set 

(ft) 

Interval 

Cemented 

(ft) 

Rise 

(ft) 

Grout 

Formulation 

Density 

(Ib/gal) 

Cement 

Volume 

(ft^) 

Cement 

Vol.  Per 
Foot  of  Rise 
(ft^/ft) 

260-240 

(existing) 

200 

260-251 

9 

Pozmix 

2%  bentonite 

14.3 

16.8 

1.87 

Same 

200 

251-225 

26 

Pozmix 

2%  bentonite 
3%  Cacl2 

14.1 

16.8 

0.67 

210-200 

(existing) 

130 

225-186 

39 

14.1 

19.7 

0.51 

185-175 

(existing) 

125 

186-171 

15 

Pozmix 

2%  bentonite 
3%  CacU 

it 

14.1 

22.5 

1.50 

174-153 

(new) 

125 

171-146 

25 

Pozmix 

1%  bentonite 
3%  Caclj 

0.25%  flocele 

14.7 

22.5 

0.90 

139-109 

(new) 

79 

146-108 

38 

Pozmix 

2%  bentonite 
3%  Cacl2 

14.1 

22.5 

0.59 

101-80 

(new) 

2 

108-80 

80-9 

28 

71 

Pozmix 

2%  bentonite 
3%  CacU 

it 

14.1 

22.5 

^Casing  volume  =  0,20  ft^/ft 
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For  this  lift,  1.87  cubic  feet  of  cement  had  been  used  per  foot  of  rise,  while  0.43  cubic 
feet  would  be  expected,  assuming  a  40  percent  porosity  in  the  gravel  pack. 

After  conferring  with  Halliburton,  it  was  decided  to  install  the  cup  packer  as  a  first  step 
rather  than  pump  cement  through  the  tremmie  pipe,  remove  the  pipe,  then  run  back  in 
with  the  packer.  Cement  was  pumped  through  the  cup  packer,  followed  by  water  to 
apply  a  squeeze.  This  saved  time,  because  the  previous  process  had  required  about 
1  hour  to  complete.  During  that  hour,  the  cement  would  begin  to  set  up,  resulting  in  a 
loss  of  control. 

The  cup  packer  was  set  at  a  depth  of  223  feet.  Two  barrels  of  water  were  pumped  to 
establish  circulation,  and  another  16.8  cubic  feet  of  Pozmix  was  pumped  into  the  well. 
As  water  was  pumped  behind  the  cement,  the  packer  and  tremmie  pipe  began  to  rise 
out  of  the  well,  even  at  the  lowest  pumping  rate  (about  one-half  barrel  per  minute); 
the  gauges  indicated  that  the  pump  was  pushing  against  about  60  psi.  Because  of  con¬ 
cern  that  the  lower  perforations  (at  240  to  260  feet)  were  sealed  off,  the  cup  packer 
was  raised  above  the  next  set  of  perforations  (at  200-210  feet)  and  set  at  a  depth  of 
200  feet.  Sufficient  water  was  pumped  to  displace  the  cement  from  the  lines  and  push 
it  into  the  casing.  The  cup  packer  was  pulled  up  to  avoid  cementing  it  in  the  hole.  As 
with  CW-150,  wash  water  was  flushed  down  the  well,  the  cup  packer  and  tremmie  were 
removed,  and  a  head  of  water  was  applied  during  set  up. 

Because  of  problems  encountered  at  BW-27,  the  approach  was  modified  further.  The 
new  approach  involved  setting  the  cup  packer  in  a  section  of  blank  casing  above  a  zone 
of  existing  perforations,  or  a  zone  that  had  been  perforated  in  preparation  for  cement¬ 
ing.  A  volume  of  cement,  calculated  to  fill  the  section  of  perforated  casing  and  40  per¬ 
cent  of  the  gravel  pack  and  extend  about  2  feet  in  the  casing  above  the  perforated 
zone,  was  prepared.  The  volume  of  water  required  to  fill  the  blank  casing  above  the 
expected  top  of  cement  and  below  the  cup  packer  and  the  volume  of  tremmie  pipe  and 
the  above-ground  piping  downstream  from  the  pump,  where  the  flow  was  gauged,  was 
calculated.  The  cement  was  pumped,  pushed  by  the  water  pumped  behind,  and  forced 
into  the  gravel  pack.  The  pressure  needed  to  push  the  cement  was  obtained  by  the 
hydraulics  of  pumping  water  through  a  small-diameter  pipe  into  the  large-diameter 
closed  piston  formed  by  the  casing  below  the  cup  packer.  After  the  calculated  volume 
of  water  was  pumped,  the  top  of  the  cement  would  lie  at  approximately  the  calculated 
depth,  having  been  displaced  by  the  water.  The  cup  packer  was  then  removed  from 
the  well  to  avoid  the  possibility  that  cement  would  migrate  up  the  gravel  pack,  enter 
the  casing  through  perforations  above  the  packer,  and  cement  the  cup  packer  in  the 
hole.  Following  removal  of  the  packer,  one  section  of  tremmie  pipe  was  hung  in  the 
well  and  cement  wash  water  pumped  down  the  hole. 

This  modified  approach  was  followed  at  BW-27  with  great  success.  If  necessary,  blank 
casing  was  perforated  prior  to  cementing.  Table  2  summarizes  the  history  of  cementing 
and  perforating.  Perforations  were  cut  with  a  hydraulic  mills  knife.  Remaining 
problems  included  difficulty  tagging  the  top  of  cement  with  the  tremmie  pipe; 
occasionally  the  pipe  would  hang  up  in  the  casing  above  the  cement,  giving  the 
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impression  that  the  cement  was  higher  than  it  actually  was.  Confirmation  tagging  with 
a  weighted  line  solved  this  problem.  One  zone  in  BW-27  took  too  much  cement,  but 
this  was  resolved  by  the  addition  of  Flocele  in  the  subsequent  batch. 

On  the  next-to-last  lift,  cement  was  brought  to  within  15  feet  of  the  water  table,  and 
the  casing  was  perforated  about  12  feet  above  the  water  table.  On  the  final  lift,  the 
cup  packer  was  set  at  a  depth  of  2  feet  and  cement  was  pumped  to  fill  the  casing  to 
within  9  feet  of  the  surface,  forcing  all  water  out  of  the  well  through  the  perforations 
and  avoiding  the  need  to  dispose  of  any  well  water.  Cement  wash  water  was  trans¬ 
ported  to  the  wastewater  treatment  plant  for  disposal.  Later,  the  casing  was  cut  at  a 
depth  of  3  feet  below  the  ground  surface,  and  a  3-foot-diameter  hole  was  dug  around 
the  casing.  This  space  was  filled  to  the  ground  surface  with  concrete. 

In  summary,  a  successful  abandonment  approach  was  developed  at  BW-27  that  safely 
employed  the  downhole  squeeze  and  provided  maximum  control.  With  this  approach, 
it  is  possible  to  mix  the  exact  amount  of  cement  needed  to  seal  a  given  interval  and  be 
reasonably  confident  that,  after  setting  up,  the  top  of  the  cement  will  lie  about  where  it 
is  expected.  Although  the  approach  would  not  work  at  wells  that  were  continuously 
slotted,  such  as  CW-150,  or  at  wells  where  the  casing  was  too  weak  to  sustain  the  tre¬ 
mendous  hydraulic  pressures  generated  by  pumping  water  into  the  closed  piston  below 
the  packer,  the  downhole  squeeze  appears  to  be  a  promising  technique  for  future  well 
abandonment  efforts  at  McClellan  AFB. 

Base  Well  2 

BW-2  was  decommi'-sioned  between  April  12  and  April  17,  1991.  The  location  of  the 
well  is  shown  in  Figures  2  and  7.  Table  3  and  Figure  8  summarize  the  cementing  and 
perforating  operations  for  BW-2.  BW-2  was  located  inside  Building  232,  with  access 
through  a  trapdoor  in  the  roof.  Constructed  in  1937,  BW-2  was  296  feet  deep,  with  a 
casing  diameter  of  12  inches  and  a  borehole  diameter  of  18  inches.  The  filter  pack 
consisted  of  pea  gravel.  The  volume  of  cement  calculated  to  abandon  BW-2  was 
1.18  cubic  feet  of  cement  per  foot  of  rise  assuming  a  40  percent  porosity  in  the  gravel 
pack,  and  1.08  cubic  feet  of  cement  per  foot  of  rise  assuming  a  30  percent  porosity. 
The  static  water  level  in  this  well  was  109.3  feet  below  the  wellhead. 

The  cementing  approach  developed  at  BW-27  was  employed  with  success  at  BW-2, 
with  the  exception  of  the  first  lift.  Existing  perforations  lay  at  depths  of  281  to 
296  feet,  180  to  197  feet,  141  to  158  feet,  and  100  to  110  feet.  On  the  first  lift,  the  cup 
packer  was  set  at  a  depth  of  260  feet.  As  a  first  step,  about  five  barrels  of  water  were 
pumped  down  the  hole  to  establish  circulation.  By  circulating  water  in  the  hole  with 
the  cup  packer  set,  the  operator  was  able  to  determine  whether  the  perforations  were 
open  and  ready  to  be  cemented.  Also,  by  monitoring  the  pressure  gauge,  it  was  possi¬ 
ble  to  estimate  the  relative  permeability  of  the  adjacent  formation.  For  example,  if 
positive  pressure  was  required  to  pump  the  water,  then  the  formation  might  be  rela¬ 
tively  low  in  permeability  and  consist  of  silt  or  clay.  On  the  first  lift  in  BW-2,  no  pres¬ 
sure  was  developed  when  water  was  circulated.  In  fact,  after  the  pump  was  turned  off, 
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Table  3 

Summary  of  Cementing  Operations  at  Base  Weil  No.  2 


Perforated 

Interval 

(ft) 

Depth 
Packer  Set 

(ft) 

Interval 

Cemented 

(ft) 

Rise 

(ft) 

Grout 

Formulation 

Density 

(Ib/gal) 

Cement 

Volume 

(ft^) 

Cement 

Vol.  Per 
Foot  of  Rise 
(ft^/ft) 

296-281 

(existing) 

260 

93 

?a 

Pozmix 

2%  bentonite 

3%  Cacl2 

Flocele 

14.55 

28.3 

?a 

245-225 

(new) 

205 

250-219 

31 

Pozmix 

1%  Gel 

Flocele 

14.5 

44.5 

1.44 

213-200 

(new) 

197-180 

(existing) 

170 

219-179 

40 

Pozmix 

2%  bentonite 

3%  Cac'2 

Flocele 

14.1 

64.7 

1.62 

170-160 

(new) 

158-141 

(existing) 

130 

179-133 

46 

Pozmix 

2%  bentonite 

3%  Cacl2 

Flocele 

14.1 

64.7 

1.41 

130-112 

(new) 

110-100 

(existing) 

90 

'33-100 

33 

Pozmix 

2%  bentonite 

3%  Cacl2 

14.1 

56.6 

1.72 

N/A*’ 

n/a'’ 

100-9 

91 

Pozmix 

2%  bentonite 

3%  Cacl2 

14.1 

71.9 

0.79' 

^Unable  to  tag 

'’N/A  =  Not  Applicable 

'Casing  Volume  =  0.79  ft^/ft 
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FIGURE  8 

CEMENTING  OPERATIONS  AT  BASE  WELL  NO.  2 
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water  continued  to  drain  from  the  tank  into  the  well  under  the  driving  force  of  the 
head  of  water  in  the  pipe.  This  indicated  that  the  perforations  were  open  and  the 
formation  was  relatively  permeable  and  might  consist  of  sand  or  gravel.  Therefore,  it 
was  decided  to  add  Flocele  to  the  Pozmix,  bentonite,  and  calcium  chloride  grout  mix. 

As  before,  a  volume  of  grout  was  calculated  to  fill  the  casing  and  the  gravel  pack.  A 
volume  of  water  was  calculated  to  push  the  grout  down  below  the  cup  packer  and  leave 
the  top  of  cement  about  4  feet  above  the  top  of  the  perforations.  After  the  grout  and 
water  had  been  pumped,  the  cup  packer  was  pulled  from  the  well  and  cement  wash 
water  was  pumped  down  the  hole.  Then  the  grout  was  allowed  to  set  up. 

However,  when  the  top  of  cement  was  tagged,  both  the  tremmie  pipe  and  weighted  line 
were  unable  to  move  past  a  depth  of  250  feet.  It  was  unlikely  that  cement  had  set  at 
that  height  because  the  cup  packer  had  been  set  at  260  feet.  Even  if  all  the  cement 
pumped  (28.3  cubic  feet)  had  remained  in  the  casing,  it  would  have  filled  only  about 
36  feet  of  casing,  bringing  the  top  of  the  cement  it  up  to  the  260-foot  depth.  The  cause 
of  the  obstruction  at  250  feet  is  unknown. 

Cementing  of  the  remainder  of  BW-2  went  smoothly,  as  successive  intervals  were  perfo¬ 
rated  and  cemented.  Perforations  were  cut  with  a  hydraulic  mills  knife.  In  each  case, 
the  top  of  cement  was  tagged  just  above  the  perforated  interval,  indicating  that  the 
hydraulic  pressure  generated  by  the  water  being  pumped  through  the  cup  packer  was 
driving  the  cement  through  the  perforations  and  into  the  gravel  pack  and  formation. 
Because  of  the  observed  permeability  of  the  formation,  Flocele  was  added  to  each  mix 
until  the  cemented  depth  interval  of  133  to  179  feet.  On  that  lift,  the  uppermost  joint 
of  tremmie  buckled  during  the  injection  of  water,  as  a  result  of  the  pressures  being 
generated  downhole.  After  that  experience,  Flocele  was  used  sparingly. 

On  the  next-to-last  lift,  cement  was  brought  above  the  water  table  to  nearly  the  top  of 
the  perforations.  As  the  cement  set  up,  all  water  in  the  casing  drained  out  of  the  well 
into  the  formation.  On  the  final  lift,  cement  was  pumped  to  within  12  feet  of  the 
ground  surface.  Cement  wash  water  was  pumped  down  the  hole  and  was  subsequently 
transported  to  the  wastewater  treatment  plant  for  disposal.  Later  the  casing  was 
topped  off  to  the  floor  surface  with  Pozmix.  Because  this  well  was  contained  inside  a 
building  in  a  concrete  pad,  it  was  not  considered  necessary  to  jackhammer  the  concrete 
and  cut  off  the  upper  3  feet  of  casing. 

Base  Well  12 

BW-12  was  abandoned  between  April  18  and  April  24,  1991.  The  location  of  BW-12  is 
shown  in  Figures  2  and  9.  Table  4  and  Figure  10  summarize  the  cementing  operations 
at  the  well.  BW-12  was  located  in  a  subsurface  vault  at  Building  395  with  access 
through  a  trapdoor  in  the  roof.  BW-12  was  constructed  in  1943  with  a  14-inch-diam- 
eter  casing  from  the  surface  to  a  depth  of  140  feet.  From  140  feet  to  the  bottom  of  the 
hole,  a  12-inch-diameter  casing  was  used.  The  television  survey  and  tremmie  pipe 
tagged  the  bottom  of  the  well  at  376  feet.  The  borehole  diameter  was  unknown,  but 
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Table  4 

Summary  of  Cementing  Operations  at  Base  Well  No.  12 


Perforated 

Interval 

(ft) 

Depth 

Packer 

Set 

(ft) 

Interval 

Cemented 

(ft) 

Rise 

(ft) 

Grout 

Formulation 

Density 

(Ib/gal) 

Cement 

Volume 

(ft^) 

Cement 
Vol.  Per 
Foot  of  Rise 
(ft^/ft) 

376-163 

(existing) 

N/A® 

376-364 

31 

Standard  Fine  Cement 

2%  Cacl2 

0.75%  CFR-3 

12.8 

27.2 

2.27 

Same 

N/A 

364-313 

51 

Standard  Fine  Cement 

2%  Cacl2 

0.75%  CFR-3 

12.8 

87.2 

1.71 

Same 

N/A 

313-268 

45 

Standard  Fine  Cement 

2%  Cacl2 

0.75%  CFR-3 

12.8 

87.2 

1.94 

N/A 

268-250 

18 

Standard  Fine  Cement 

2%  CacU 

0.75%  CFR-3 

12.8 

87.2 

4.84 

Same 

N/A 

250-216 

34 

Standard  Fine  Cement 

2%  Cacl2 

0.75%  CFR-3 

12.8 

87.2 

2.56 

Same 

N/A 

216-188 

28 

Standard  Fine  Cement 

2%  Cacl2 

0.75%  CFR-3 

12.8 

87.2 

3.11 

138-90 

(new) 

N/A 

188-135*’ 

48 

(12") 

5 

(14") 

Standard  Fine  Cement 

2%  Cacl2 

0.75%  CFR-3 

12.8 

87.2 

1.65 

Same 

N/A 

135-108 

27 

Pozmix 

2%  bentonite 

3%  Cacl2 

14.1 

56.2 

2.08 

Same 

N/A 

108-52 

56*= 

Pozmix 

2%  bentonite 

3%  Cacl2 

14.1 

247.1 

11.47 

1.07‘' 

‘‘N/A  =  Not  Applicable 

’’Casing  diameter  enlarges  from  12  inches  to  14  inches  at  140  feet 
‘’Topped  off  with  Pozmix 
‘'Casing  volume  =  1.07  ft^/ft 
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was  assumed  to  be  24  inches.  Existing  perforations  extended  from  the  163-foot  depth 
to  the  bottom  of  the  well.  The  formulation  of  the  gravel  pack  was  also  unknown,  but, 
because  the  well  was  constructed  in  1943,  it  was  assumed  to  be  pea  gravel.  The  vol¬ 
ume  of  cement  calculated  to  abandon  BW-12  was  1.73  cubic  feet  of  cement  per  foot  of 
rise  in  the  portion  of  the  well  with  12-inch  casing  and  1.90  cubic  feet  of  cement  per 
foot  of  rise  in  the  portion  of  the  well  with  14-inch  casing,  assuming  a  40  percent  poros¬ 
ity;  and  1.50  cubic  feet  of  cement  per  foot  of  rise  in  the  portion  of  the  well  with  12-inch 
casing  and  1.69  cubic  feet  of  cement  per  foot  of  rise  in  the  portion  of  the  well  with 
14-inch  casing,  assuming  a  30  percent  porosity. 

The  television  survey  conducted  in  BW-12  revealed  that  the  casing  was  in  an  advanced 
state  of  deterioration,  with  holes,  cracks,  and  splits  extending  throughout  the  length  of 
the  well.  This  fact,  together  with  the  fact  that  the  well  was  already  perforated  through 
most  of  its  depth,  dictated  that  the  packer  method  of  abandonment  could  not  be  used. 
After  consultation  with  Halliburton,  it  was  decided  to  use  Matrix  Cement,  which  has 
the  ability  to  flow  into  small  pore  spaces  without  additional  pressure.  This  capability 
was  enhanced  by  the  addition  of  CFR-3. 

The  approach  followed  at  BW-12  was  very  similar  to  the  approach  are  followed  at 
CW-150.  The  tremmie  pipe  was  lowered  to  within  about  10  feet  of  the  bottom  of  the 
well.  Water  was  injected  through  the  pipe  to  confirm  that  the  system  was  open  and 
free  of  blockage.  Next,  a  quantity  of  cement  calculated  to  abandon  the  well  in  a  series 
of  short  lifts  was  pumped.  Following  grout  placement,  the  pipe  was  withdrawn,  cement 
wash  water  was  injected  down  the  hole,  and  a  head  of  water  immediately  placed  on  the 
well.  Unlike  at  CW-150,  the  maximum  flow  of  water  obtainable  from  the  nearby  fire 
hydrant  was  insufficient  to  achieve  a  head  of  water  all  the  way  to  the  wellhead. 
However,  the  grout  mix  performed  so  well  that  the  goals  for  grout  placement  were  met 
or  exceeded  on  nearly  every  lift. 

After  BW-12  was  abandoned  nearly  to  the  top  of  the  existing  perforations,  it  was 
decided  to  perforate  the  casing  to  a  point  above  the  water  table  to  make  sure  the 
uppermost  zone  of  the  well  would  be  adequately  sealed.  Perforations  were  successfully 
cut  from  138  to  90  feet  with  a  hydraulic  mills  knife  without  collapsing  the  casing.  The 
final  lift  using  Matrix  Cement  brought  the  top  of  the  cement  to  a  depth  of  135  feet. 
Because  Halliburton  had  no  more  Matrix  Cement  on  hand,  Pozmix  was  used  for  the 
remainder  of  the  well.  Since  most  of  the  well  had  been  sealed  off,  it  was  possible  to 
put  a  full  head  of  water  on  the  cement.  The  next-to-last  lift  brought  the  top  of  the 
cement  to  108  feet,  with  2.08  cubic  feet  of  cement  per  foot  of  rise  plugging  the  gravel 
pack  and  formation. 

The  final  lift  was  intended  to  bring  the  cement  to  ground  surface,  but  after  nearly  twice 
the  amount  calculated  had  been  pumped,  the  top  of  the  cement  was  at  52  feet.  Much 
of  the  cement  was  lost  to  a  permeable  zone  that  lay  above  the  water  table  between  90 
and  108  feet.  Approximately  11.5  cubic  feet  of  cement  per  foot  of  rise  was  required  to 
fill  this  zone.  The  cement  in  BW-12  was  topped  off  with  Pozmix  to  the  floor  surface. 
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The  successful  abandonment  of  BW-12  served  to  refine  the  technique  to  be  used  in 
decommissioning  wells  that  are  perforated  for  great  intervals,  or  contain  weak  or  dam¬ 
aged  casing.  In  these  situations,  use  of  a  cup  packer  is  not  appropriate.  However,  a 
low-viscosity  cement  such  as  standard  fine  cement  with  a  dispersant  additive  similar  to 
CFR-3  was  found  to  seal  the  well  adequately.  The  well  should  be  abandoned  in  stages, 
with  water  pumped  into  the  well  to  supply  additional  driving  force. 

Base  Well  1 

Abandonment  at  BW-1  was  started  between  April  24  and  April  25,  1991,  but  was 
delayed  because  of  problems.  Abandonment  continued  from  June  19  to  July  26,  1991, 
The  location  of  BW-1  is  shown  in  Figures  2  and  11.  BW-1  was  located  in  Building  231, 
with  access  through  a  trapdoor  in  the  roof. 

The  second  television  survey  performed  for  BW-1  following  the  cleaning  of  the  casing 
showed  no  indication  of  weakness  or  damage,  so  it  was  decided  to  employ  the  cup 
packer  approach  to  abandonment.  The  cup  packer  was  lowered  in  the  casing  in  prepa¬ 
ration  for  cementing.  However,  at  221  feet  it  hit  an  obstruction  in  the  casing  and  could 
not  be  lowered  further.  This  was  not  unusual,  because  the  large-diameter  packer  had 
hit  obstructions  in  other  wells. 

On  April  25,  the  packer  was  dislodged  and  could  have  been  lowered  further.  However, 
the  crew  dropped  a  weighted  line  down  the  hole  and  tagged  an  obstruction  at  162  feet. 
This  was  believed  to  be  sediment,  because  the  packer  could  be  lowered  but  not  raised. 
The  weighted  line  was  then  dropped  through  the  pipe  and  cup  packer,  a:  1  was  stopped 
again  at  232  feet. 

On  April  26,  another  television  survey  was  performed  on  BW-1,  revealing  no  damage 
to  the  upper  part  of  the  casing.  However,  the  camera  contacted  sediment  at  162  feet 
and  could  not  be  lowered  further. 

It  was  thought  that  a  hole  or  holes  existed  in  the  casing  near  or  just  below  the  162-foot 
depth.  Previous  television  surveys  showed  perforations  in  the  casing  from  158  to 
174  feet,  but  no  obvious  damage.  Layne- Western  had  perforated  other  portions  of  the 
casing  (at  95  to  153  feet,  179  to  232  feet,  and  300  to  340  feet)  during  a  period  of  down 
time  on  CW-150.  Perforations  at  BW-1  were  made  with  a  hydraulic  mills  knife,  as  at 
wells  CW-150,  BW-2,  BW-12,  and  BW-27. 

It  was  decided  to  remove  the  sediment  and  cup  packer  from  BW-1  using  an  airlift  pro¬ 
cedure.  Following  this  operation,  BW-1  would  continue  to  be  abandoned  as  was 
BW-12  using  standard  fine  cement.  This  work  began  on  June  19,  1991. 

The  airlift  involved  installing  4-inch-diameter  eductor  pipe  inside  the  casing  next  to  the 
tremmie  pipe  and  extending  to  the  top  of  the  sediment.  An  air  line  was  connected  to 
a  large  (195  cfm,  125  psi)  air  compressor  and  fitted  down  inside  the  eductor  pipe.  A 
discharge  pipe  line  from  the  eductor  pipe  ran  to  a  25-yard-capacity  portable  steel  bin. 
Water  from  a  fire  hydrant  was  pumped  into  the  well  to  increase  the  submergence  of 
the  eductor  pipe.  Air  pumped  from  the  compressor  caused  aerated  slugs  of  water  to 
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surge  in  the  casing,  loosening  the  sediment,  which  then  flowed  up  out  of  the  eductor 
pipe  into  the  bin.  As  the  bin  filled  with  sediment  and  water,  a  centrifugal  pump  was 
used  to  decant  the  excess  water  back  down  the  casing. 

Airlifting  continued  until  the  packer  was  freed  on  June  28,  1991.  A  television  survey 
revealed  holes  and  cracks  in  the  casing  from  164  to  192  feet  and  the  top  of  additional 
sediment  at  215  feet.  Airlifting  continued  until  July  10,  when  the  bottom  of  the  well 
was  cleared  of  sediment.  In  all,  two  bins  were  filled  about  two-thirds  full  with  material 
removed  from  the  well.  Nearly  all  of  the  material  removed  appeared  to  be  pea  gravel 
from  the  gravel  pack,  although  some  material  may  have  been  derived  from  a  perme¬ 
able  zone  near  the  water  table.  A  small  volume  of  fine-grained  material  was  removed 
from  BW-1,  mainly  derived  from  existing  sediment  at  the  bottom  of  the  well.  At  the 
conclusion  of  airlifting,  the  top  of  the  gravel  was  at  207  feet  in  the  annulus  around  the 
casing,  as  tagged  through  the  gravel  feed  tube. 

The  Halliburton  crew  arrived  at  the  site  on  July  11,  1991,  to  continue  the  abandonment 
of  the  well.  BW-1  was  constructed  in  1937  and  was  396  feet  deep  with  12-inch-diam- 
eter  casing.  The  borehole  was  listed  as  18  inches  in  diameter,  although  the  quantity  of 
gravel  pack  removed  from  the  well  suggested  that  the  borehole  diameter  was  larger. 
Therefore,  calculations  for  BW-1  were  made  using  18-  and  24-inch-diameter  borehole 
measurements.  The  volume  of  grout  estimated  to  fill  the  casing  and  gravel  pack  in  a 
24-inch  borehole  was  1.73  cubic  feet  of  cement  per  foot  of  rise  assuming  a  40  percent 
porosity,  and  1.50  cubic  feet  of  cement  per  foot  of  rise  assuming  a  30  percent  porosity. 
The  volume  of  grout  estimated  to  fill  the  casing  and  gravel  pack  in  an  18-inch  borehole 
was  1.18  cubic  feet  of  cement  per  foot  of  rise,  assuming  a  40  percent  porosity,  and 
1.08  cubic  feet  of  cement  per  foot  of  rise,  assuming  a  30  percent  porosity.  The  bore¬ 
hole  annulus  around  the  casing  was  empty  from  207  feet  to  the  surface.  TTie  volume  of 
grout  estimated  to  fill  this  space  was  3.14  cubic  feet  of  cement  per  foot  of  rise  assuming 
a  24-inch  borehole,  and  1.77  cubic  feet  of  cement  per  foot  of  rise  assuming  an  18-inch 
borehole. 

Table  5  and  Figure  12  summarize  the  cementing  history  at  BW-1.  The  lower  268.5  feet 
were  grouted  with  300  sacks  (591  cubic  feet)  of  Matrix  Cement  with  calcium  chloride 
and  CFR-3.  This  brought  the  top  of  the  cement  to  127.5  feet  and  required  five  lifts. 
Difficulty  was  experienced  during  cementing  of  the  uppermost  zone  of  the  well  near  the 
water  table.  At  127  feet,  all  the  Matrix  Cement  on  hand  had  been  used,  so  Pozmix  was 
u.sed  to  fill  the  remaining  portion  of  BW-1.  The  lift  from  127.5  tu  113  feet  required 
102  cubic  feet  of  cement  for  a  volume  of  7.1  cubic  feet  of  cement  per  foot  of  rise.  The 
lift  from  113  to  111  feet  required  99  cubic  feet  of  cement  per  foot  of  rise.  At  that 
point,  it  was  obvious  that  cement  was  being  lost  to  a  permeable  zone  in  the  formation 
above  the  water  table.  Although  use  of  the  cup  packer  was  planned  for  the  last  lift,  it 
was  decided  to  pump  Pozmix  without  the  packer  and  to  add  Flocele  to  control  losses  to 
the  formation.  The  next  lift,  from  1 1 1  to  96  feet,  required  92.4  cubic  feet  of  cement,  an 
unacceptably  high  volume  of  cement. 
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Table  5 

Summary  of  Cementing  Operations  at  Base  Well  No.  1 


Sheet  1  of  2 


j 


Perforated 

Interval 

(ft) 

Depth 

Packer 

Set 

(ft) 

Interval 

Cemented 

(ft) 

Rise 

(ft) 

Grout 

Formulation 

Density 

(Ib/gal) 

Cement 

Volume 

(ft^) 

Cement 

Vol.  Per 
Foot  of  Rise 
(ft^/ft) 

396-378  (existing) 
356-345  (existing) 
340-300  (new) 
296-278  (existing) 

N/A^ 

396-275 

121 

Matrix 

2%  Cacl2 

0.75%  CRF-3 

12.7 

217.8 

1.80 

275-268  (existing) 
257-252  (existing) 
241-237  (existing) 

N/A 

275-231 

44 

Matrix 

2%  Caclj 

0.75%  CRF-3 

12.7 

79.2 

1.80 

232-179  (new) 

N/A 

231-193 

58 

(24  pack) 
(14  open) 

Matrix 

2%  Cacl2 

0.75%  CRF-3 

12.7 

87.2 

1.80 

3.14*’ 

174-158  (existing) 

N/A 

193-162 

31 

Matrix 

2%  Cacl2 

0.75%  CRF-3 

12.7 

97.3 

3.14*’ 

153-95  (new) 

N/A 

162-127.5 

34.5 

Matrix 

2%  Caclj 

0.75%  CRF.3 

12.7 

108.3 

3.14*’ 

Same 

N/A 

127.5-113 

14.5 

Pozmix 

2%  Gel 

3%  Cacl2 

14.1 

102.3c 

7.06*’ 

Same 

N/A 

113-111 

2 

Pozmix 

2%  Gel 

3%  CacU 

14.1 

99.0 

49.50*’ 

Same 

N/A 

111-99.5 

11.5 

Pozmix 

2%  Gel 

3%  Cacl2 

Flocele 

15.0 

92.40 

8.03*’ 

Same 

N/A 

99.5-94.5 

5 

Class  G  Cement 
8%  Gel  Cal  Seal 
2%  Gel 

2%  Cacl2 

15.6 

37.7 

7.54*’ 

153-95  (new) 

94.5-93 

1.5 

Pozmix 

2%  Gel 

3%  Cacl2 

Rocele 

14.1 

no 

73.33*’ 
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Table  5 

Summary  of  Cementing  Operations  at  Base  Weil  No.  1 

Sheet  2  of  2 

Perforated 

Interval 

(ft) 

Depth 

Packer 

Set 

(ft) 

Interval 

Cemented 

(ft) 

Rise 

(ft) 

Grout 

Formulation 

Density 

(Ib/gal) 

Cement 

Volume 

(ft^) 

Cement 

Vol.  Per 
Foot  of  Rise 
(ft^/ft) 

N/A 

93-54 

(annulus) 

93-51 

(casing) 

39 

42 

7-Sack  Sand  Mix 

81 

(annulus) 

27 

(casing) 

2.08 

(annulus) 

0.64 

(casing) 

N/A 

54- 

Surface 

(annulus) 

51- 

Surface 

(casing) 

54 

51 

Types  I  and  II 
ciment 

4%  Bentonite 

•} 

102  sacks 
24  sacks 

2.35 

(annulus) 

0.79 

(casing) 

^N/A  =  Not  Applicable 
'’Empty  annulus  above  207  feet 

SAC/ri  83/005  51 


33 


GROUT 


34 


After  consultation  with  Halliburton,  it  was  decided  to  add  8  percent  Cal-Seal  to  the 
Pozmix  to  achieve  a  quick  set  and  seal  off  the  zone.  However,  this  provided  a  gain  of 
only  7.5  cubic  feet  of  cement  per  foot  of  rise  in  the  hole,  bringing  the  top  of  the 
cement  to  a  depth  of  94.5  feet.  Because  the  static  water  level  was  originally  at  about 
110  feet,  it  was  determined  that  the  cement  was  being  lost  to  the  vadose  zone.  On  the 
next  lift,  Pozmix  with  Flocele  was  used  again.  After  110  cubic  feet  of  cement  was 
pumped  into  the  well,  the  tag  revealed  that  the  top  of  the  cement  had  only  come  up  to 
93  feet. 

The  abandonment  of  BW-1  was  stopped  because  of  the  high  cement  losses  being 
incurred.  The  Air  Force  and  DHS  then  authorized  the  use  of  a  sand  cement  mix  to 
seal  off  the  permeable  zone.  Research  of  available  geophysical  logs  taken  during 
construction  of  nearby  monitoring  wells  revealed  the  top  of  the  permeable  zone  would 
be  reached  at  a  depth  of  60  feet.  On  July  24,  1991,  a  ready-mix  truck  was  brought  to 
BW-1,  and  a  seven-sack  sand  cement  mix  was  pumped  with  a  cement  pump  into  the 
well.  About  3  yards  of  cement  was  pumped  into  the  annulus  through  the  gravel  feet 
pipe.  Next,  1  yard  of  cement  was  pumped  into  the  casing.  After  the  cement  set  up, 
the  top  of  the  cement  was  tagged  at  54  feet  in  the  annulus  and  51  feet  in  the  casing. 
Sand  cement  was  also  used  to  top  off  wells  BW-27  and  CW-150.  Finally,  neat  cement 
(Type  II)  with  bentonite  was  used  to  fill  the  annulus  and  casing  to  the  floor  surface. 


STATUS  OF  PRODUCTION  WELLS  AT  McCLELLAN  AFB 

Altogether,  29  known  water  wells  were  identified  in  McClellan  AFB  files.  Over  the 
years  of  operation,  McClellan  AFB  has  acquired  land  with  existing  wells  and  has  con¬ 
structed  new  water  supply  wells.  Locations  of  the  wells  are  shown  in  Figure  2.  Wells 
BW-1,  BW-2,  BW-12,  and  BW-27  have  been  decommissioned.  Wells  BW-3,  BW-6, 
BW-16,  and  BW-19  were  originally  scheduled  for  decommissioning,  but  could  not  be 
located  in  1990.  BW-3  and  BW-19  were  thought  to  be  in  the  southwest  part  of  the 
base  near  Buildings  662  and  663  at  the  intersection  of  Bell  Avenue  and  Kilzer  Avenue. 
A  recent  field  inspection  discovered  what  appears  to  be  two  former  wells  in  a  field 
about  200  yards  west  of  the  Bell/Kilzer  intersection.  One  well  contains  a  14-inch-diam- 
eter  steel  casing,  the  other  a  6-inch-diameter  steel  casing.  Both  extend  a  few  inches 
above  the  ground  surface  and  are  filled  with  concrete.  BW-6  is  thought  to  be  located 
near  the  west  boundary  of  the  base,  near  Patrol  Road  in  the  vicinity  of  Buildings  714 
and  715.  According  to  base  personnel,  it  may  be  an  old  agricultural  well.  BW-16  is 
located  in  the  southeast  area  of  the  base,  south  of  Building  440  near  Dudley  Boule¬ 
vard.  This  10-inch-diameter  well  was  recently  located  in  a  parking  lot  across  the  street 
from  Building  440.  Of  these  four  wells,  limited  data  are  available  for  BW-19  only. 
This  well  was  reportedly  constructed  in  1952  with  a  depth  of  360  feet.  Perforations 
extended  from  174  to  193  feet,  214  to  239  feet,  and  305  to  360  feet.  BW-19  is  said  to 
have  collapsed  (LSCE,  1984). 
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No  information  is  available  for  five  wells  on  the  base:  BW-14,  BW-21,  BW-22,  BW-23, 
and  BW-24.  BW-14  has  no  known  location  on  the  base.  BW-21  is  reported  to  be  in 
the  southwest  area  of  the  base,  near  Building  689  along  Kilzer  Avenue.  BW-22, 
BW-23,  and  BW-24  are  apparently  old  agricultural  wells  added  during  land  acquisition 
at  McClellan  AFB.  A  field  check  did  not  reveal  the  location  of  these  wells,  but  they 
are  reported  to  be  in  the  northeast  area  of  the  base.  BW-22  is  reported  to  be  near 
Building  1445  in  the  ejftreme  northeast  corner  of  the  base,  BW-23  near  Building  1045 
along  Price  Avenue,  and  BW-24  near  Building  1436  at  Dudley  Boulevard. 

Five  wells  are  located  off  McClellan  AFB  property.  BW-5,  BW-25,  and  BW-26  are 
presently  operating  and  supporting  off-base  fecilities  operated  by  the  Air  Force. 
BW-11,  just  southeast  of  the  base,  was  operated  as  a  supply  well  for  the  base  until 
1985,  when  it  was  taken  offline  by  a  contractor  as  part  of  a  property  transaction. 
BW-15  is  thought  to  be  on  the  comer  of  Whitney  and  Eastern  Avenue,  but  no  con¬ 
struction  details  are  available.  This  well  is  currently  inactive. 

The  remaining  wells  are  summarized  in  Table  6.  Wells  BW-4,  BW-7,  BW-8,  BW-9, 
BW-13,  BW-17,  BW-20,  and  BW-28  are  either  inactive  or  on  standby.  Wells  BW-10, 
BW-18,  and  BW-29  are  the  only  supply  wells  in  active  production  at  this  time. 


RECOMMENDED  ABANDONMENT  APPROACH 

Two  main  approaches  were  most  successful  in  properly  abandoning  wells  at  McClellan 
AFB.  One  approach,  application  of  a  downhole  squeeze  utilizing  a  cup  packer,  is  a 
low-cost  method  applicable  for  wells  screened  intermittently  along  the  length  of  the 
casing  with  casing  that  is  capable  of  withstanding  the  hydraulic  pressures  generated  by 
the  packer.  The  other  approach,  special  low-viscosity  cements  and  application  of  a 
head  of  water,  is  a  more  expensive  method  that  is  applicable  for  wells  screened  contin¬ 
uously  along  the  length  of  the  casing  or  those  that  contain  weak  or  damaged  casing. 
Both  approaches  call  for  the  well  to  be  cemented  in  stages,  with  external  pressure 
applied  to  the  cement  to  force  it  into  the  gravel  pack. 

Future  abandonment  efforts  should  be  directed  at  other  wells  at  McClellan  AFB.  For¬ 
mer  production  wells  that  may  be  considered  for  decommissioning  include  the  four 
wells  originally  scheduled  for  decommissioning  during  this  phase  that  could  not  be 
located  (BW-3,  BW-6,  BW-16,  and  BW-19).  As  previously  mentioned,  BW-3  and 
BW-19  may  now  have  been  located  in  a  field  on  the  southwest  base  boundary.  BW-16 
has  been  located  south  of  Building  440  along  Dudley  Boulevard.  In  addition  to  BW-6, 
other  base  wells  have  not  been  located  in  the  field.  These  include  BW-14,  BW-21, 
BW-22,  BW-23,  and  BW-24.  Records  searches  and  interviews,  combined  with  mag¬ 
netometer  surveys,  should  be  employed  to  locate  the  remaining  wells. 

McClellan  AFB  should  also  evaluate  for  abandonment  other  production  wells  that  are 
presently  inactive.  These  include  BW-4,  BW-7,  BW-8,  BW-9,  BW-13,  BW-17,  and 
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Table  6 

Summary  of  Existing  McClellan  AFB  Production  Wells 

Well 

No. 

Location 

Depth 

(feet) 

Casing 

Diameter 

(inches) 

Perforated 

Intervals 

(feet) 

Depth  of 
Seal 
(feet) 

Comments 

■ 

Southeast  near 

Winstead  Athletic  Field 

382 

12 

169-382 

81 

Inactive 

■ 

Southwest  near 

Building  489 

398 

12 

170-398 

50 

Inactive  due  to  phenol 
contamination 

8 

Southeast  near 

Building  20  on  Arnold 
Avenue 

800 

10 

Unknown 

43 

Went  inactive  in  1985 
due  to  high  iron  and 
magnesium 

9 

Near  Building  209  on 
Peacekeeper  Way 

660 

14 

Unknown 

Unknown 

Collapsed  and  replaced 
by  BW-20;  records 
show  no  abandonment 

10 

East  near  Building  93 
on  O’Malley  Avenue 

400 

14"  to  144'; 
12"  to  400' 

170-392 

Unknown 

Active  well 

13 

South  base  area,  south 
of  Building  614 

391 

14"  to  147'; 
12"  to  391' 

178-391 

50 

Inactive  since  1988  due 
to  carbon  tetrachloride 

17 

Southwest  in 

Building  699  on  Kilzer 
Avenue 

390 

16 

216-224 
286  294 
302-312 

Unknown 

Went  inactive  in  1985 
due  to  TCE;  has  been 
partially  filled  with 
sand 

18 

Southwest  near 

Building  664  on 

Winters  Street 

408 

14 

169-185 

210-260 

304-349 

378-387 

50 

Active  well 

20 

South  of  Building  200 
on  Peacekeeper  Way  in 
southeast  of  base 

600 

14 

178-190 

234-274 

338-374 

494-506 

564-598 

Unknown 

Standby  source  for 
Building  200 

28 

North  base  area,  to  east 
of  Building  1082 

247 

8 

144-147 

205-212 

233-236 

60 

Inactive 

29 

North  area,  in 

Building  1455  on  Perrin 
Avenue 

604 

16 

251-401 

401-555 

53 

Active  well,  Old 

BW-29  was  abandoned 
in  1984  due  to  sand; 
new  BW-29  drilled  just 
north  of  former  site 

SAC'ri83/00(.51 


37 


BW-28.  These  wells,  excluding  BW-4  and  BW-28,  are  described  by  base  personnel  as 
inactive  because  of  groundwater  contamination.  McClellan  AFB  should  decommission 
these  wells  to  prevent  potential  aquifer  cross-contamination.  Finally,  unused  monitor¬ 
ing  wells  and  boreholes  drilled  during  previous  geophysical  investigations  should  be 
evaluated  for  abandonment.  This  section  describes  the  steps  that  should  be  followed 
during  future  well  decommissioning  activities  at  McClellan  AFB. 

PRELIMINARY  ACTIVITIES 

Preliminary  activities,  both  research  and  field  work,  must  be  accomplished  at  each  well 
selected  for  decommissioning.  Research  involves  gathering  data  on  well  construction 
details,  hydrogeolo^  in  the  immediate  vicinity  of  the  well,  and  groundwater  quality. 
For  abandonment,  important  well  construction  details  include  the  diameter  of  the  cas¬ 
ing  and  borehole,  gravel  pack  composition,  depth  of  the  well,  age  of  the  well,  and 
depth  intervals  of  existing  perforations.  Hydrogeologic  data  are  helpful  in  locating 
permeable  zones  that  may  cause  cement  losses  to  the  formation.  Useful  sources  for 
this  data  include  geologic  and  geophysical  logs  obtained  during  the  drilling  of  nearby 
monitoring  wells.  In  addition,  groundwater  quality  data  are  needed  to  provide  for  per¬ 
sonnel  safety. 

Preliminary  field  work  includes  removing  existing  pumps  from  the  well,  performing  a 
downhole  television  survey,  rehabilitating  the  well  if  necessary,  and  conducting  a  second 
television  survey.  The  purpose  of  the  first  television  survey  is  to  evaluate  the  condition 
of  the  casing  before  cementing.  Attributes  to  be  noted  include  depth  intervals  of' exist¬ 
ing  perforations,  depth  of  the  well,  the  presence  of  obstructions  or  encrustations  in  the 
casing  or  fill  material  in  the  bottom  of  the  well,  and  the  ability  of  the  casing  to  with¬ 
stand  cementing  pressures,  as  indicated  by  the  presence  of  cracks  or  holes,  and  corro¬ 
sion  along  the  slots.  Many  of  the  wells  at  McClellan  AFB  will  require  additional  work 
prior  to  cementing.  Lubricating  oil  floating  on  the  water  should  be  bailed.  Wells  con¬ 
taining  iron  bacteria,  which  obscure  the  casing,  should  be  cleaned  with  a  steel  brush, 
followed  by  bailing  to  remove  debris  and  fill  material.  A  second  television  survey 
should  then  be  performed  to  evaluate  the  casing. 

ABANDONMENT  WITH  A  PACKER 

Wells  that  are  perforated  at  intervals  along  the  casing  and  judged  to  be  capable  of 
withstanding  high  pressures,  based  on  television  survey  evaluation,  are  suitable  for 
cementing  using  a  cup  packer.  Grout  may  consist  of  portland  cement  with  additives  to 
improve  performance.  At  McClellan  AFB,  the  grout  mix  that  worked  well  consisted  of 
API  Class  H  cement,  pozzolans,  2  percent  bentonite  gel,  and  3  percent  calcium  chlor¬ 
ide.  This  grout  should  be  pre-mixed  dry  at  the  plant,  and  mixed  with  water  at  the  job 
site.  The  steps  in  abandoning  with  a  packer  are  as  follows: 

•  Perforate  the  casing  immediately  prior  to  cementing  if  necessaiy. 
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•  Set  the  cup  packer  in  a  blank  section  of  casing  above  the  interval  to  be 
cemented.  Chain  the  tremmle  pipe  down  evenly  at  the  wellhead. 

•  Calculate  a  volume  of  cement  necessary  to  fill  the  casing  and  40  percent 
of  the  gravel  pack  to  a  point  about  2  feet  above  the  perforated  interval. 

•  Calculate  a  volume  of  water  necessary  to  fill  the  casing  above  the  cement 
and  below  the  cup  packer,  plus  the  entire  tremmie  pipe,  and  all  surface 
piping  downstream  from  the  volume  gauge. 

•  Pump  a  sufficient  amount  of  water  into  the  well  to  establish  circulation 
and  estimate  the  permeability  of  the  formation. 

•  Mix  the  required  volume  of  grout  with  a  recirculating  mixer  to  the 
desired  density.  Collect  a  sample  and  set  it  aside  in  the  shade. 

•  Pump  the  required  volume  of  grout  with  a  positive  displacement  pump. 
Monitor  the  injection  rate  (less  than  20  gpm)  and  the  pressure  (less  than 
100  psi). 

•  Pump  the  required  volume  of  water  slowly  (less  than  20  gpm)  and  moni¬ 
tor  the  pressure  (less  than  100  psi).  Watch  the  tremmie  pipe  and  chains 
for  possible  buckling.  This  is  especially  important  in  wells  with  large- 
diameter  casing. 

•  Withdraw  the  cup  packer  from  the  well  immediately  to  prevent  it  from 
being  cemented  in  place. 

•  Inject  cement  wash  water  into  the  well. 

•  Tag  the  cement  in  the  well  with  a  weighted  line  after  the  cement  sample 
sets  up  (minimum  of  3  hours). 

•  Perforate  the  next  mterval,  if  necessary. 

•  Cement  the  well  in  a  series  of  lifts.  The  length  of  the  lift  is  determined 
by  the  length  of  existing  perforations,  the  expected  lithology,  and  the 
outcome  of  the  previous  lift. 

On  the  next-to-last  lift,  the  casing  should  be  perforated  about  15  feet  above  the  water 
table. 

The  cement  volume  should  then  be  calculated  to  bring  the  top  of  the  cement  to  about 
1  or  2  feet  above  the  water  table.  As  the  cement  sets  up,  water  should  drain  out  of  the 
casing  into  the  formation  above  the  water  table.  This  avoids  the  need  to  dispose  of 
potentially  contaminated  water.  On  the  final  lift,  cement  should  be  brought  to  within  5 
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to  10  feet  of  the  ground  surface.  It  will  be  necessary  to  pump  cement  wash  water  into 
a  tank  trunk  for  disposal  on  the  final  lift.  The  earth  should  be  excavated  and  the  cas¬ 
ing  cut  about  3  feet  below  grade.  Finally,  the  cement  should  be  topped  off  to  the 
ground  surface.  All  equipment  should  be  steam-cleaned  before  use  at  the  next  well. 

ABANDONMENT  WITH  LOW-VISCOSITY  CEMENT 

A  different  approach  is  necessary  in  wells  that  are  perforated  continuously  for  great 
lengths  or  that  contain  casing  that  is  judged  too  weak  to  sustain  the  pressure  generated 
by  use  of  the  cup  packer.  Setting  a  cup  packer  within  a  perforated  zone  is  pointless 
because  the  closed  piston  necessary  tc  generate  hydraulic  pressure  may  not  be 
obtained.  Setting  a  cup  packer  within  a  zone  of  weak  casing  risks  casing  collapse  or 
may  cause  holes  to  open,  thereby  allowing  sediment  to  flow  into  the  well. 

In  this  situation,  the  best  approach  is  to  cement  the  well  in  a  series  of  lifts  using  a  low- 
viscosity  cement.  At  McClellan  AFB  standard  fine  cement  with  the  addition  of  CFR-3 
was  found  to  work  well.  The  tremmie  pipe  should  be  set  about  10  feet  off  the  bottom, 
and  water  circulated  down  the  hole  prior  to  cementing.  After  the  cement  is  pumped, 
an  attempt  should  be  made  to  apply  a  head  of  water  to  the  well.  At  McClellan  AFB, 
the  static  water  level  is  about  90  to  100  feet  below  the  ground  surface.  A  head  of 
water  provides  about  45  to  55  psi  of  pressure,  which  is  transmitted  directly  to  the  top  of 
the  cement.  It  may  not  be  possible  to  maintain  a  full  head  during  the  early  stages  of 
abandonment  because  the  water  will  be  lost  to  the  formation.  As  the  well  is  cemented 
off,  however,  it  becomes  easier  to  apply  the  head.  Success  with  this  method  is  observed 
by  comparing  the  calculated  top  of  cement  for  the  volume  pumped  with  the  actual  top 
as  measured  by  the  tag. 
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TECHNICAL  MEMORANDUM; 

MCCLELLAN  AFB  WATER  WELL  ABANDONMENT  PROJECT 
PUMP  REMOVAL  AND  TELEVISION  SURVEY 


SACYriS3/013  51-6 


TECHNICAL  MEMORANDUM 


CHMHIU. 


PREPARED  FOR:  Captain  Fran  Slavich,  McClellan  Point  of  Contact 
Gerald  Robbins,  McClellan  Project  Officer 


PREPARED  BY:  Chuck  Elliott,  CH2M  HILL  Task  Manager 
COPIES:  Bruce  Eades,  ALC,  PMKSE 


DATE:  April  18,  1991 

SUBJECT:  McClellan  AFB  Water  Well  Abandonment  Project 

Well  Rehabilitation  and  Television  Survey 

PROJECT:  SAC28722.07 


INTRODUCTION 

A  technical  memorandum  describing  the  removal  of  pumps  from  Base  Wells  BW-1  and 
BW-2  and  the  results  of  a  television  survey  in  these  wells  and  Wells  BW-27  and 
CW-150  was  submitted  to  McClellan  AFB  on  March  1,  1991.  The  technical  memoran¬ 
dum  also  recommended  that  all  the  wells  be  rehabilitated,  followed  by  another  televi¬ 
sion  survey  in  BW-1,  BW-2,  BW-12,  and  BW-27.  The  additional  work,  accomplished  in 
March  and  April  1991,  is  described  in  this  technical  memorandum. 


CITY  WELL  150 

The  television  survey  of  CW-150  conducted  during  February  1991  revealed  that  the 
casing  and  screen  were  in  relatively  good  condition  and  did  not  require  any  rehabilita¬ 
tion.  In  addition,  only  a  thin  film  of  oil  was  present  on  the  water  surface  and  did  not 
require  bailing.  However,  an  obstruction  that  partially  filled  the  casing  was  observed  at 
a  depth  of  168  feet.  Also,  sections  of  small-diameter  pipe  were  found  in  the  well, 
beginning  at  a  depth  of  183  feet  and  extending  to  the  total  depth  of  the  well.  Finally, 
rocks  and  assorted  debris  were  contacted  at  a  depth  of  344  feet  and  blocked  the  cam¬ 
era  at  a  depth  of  347  feet.  According  to  the  City  of  Saciamento,  the  total  well  depth  is 
372  feet.  Thus,  the  lower  25  feet  of  the  casing  was  filled  with  debris. 

Layne-Western  set  up  at  CW-150  on  March  13,  1991,  and  used  a  bailer  to  remove 
debris  from  the  well.  The  bailer  passed  the  obstruction  at  168  feet  without  noticeable 
effect,  implying  that  the  obstruction  was  knocked  loose.  The  crew  then  used  the  bailer 
to  capture  lengths  of  pipe  and  assorted  debris  from  the  well.  In  all,  322  feet  of  piping 
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was  removed  from  CW-150.  The  pipe  appears  to  be  air  line  pipe  that  must  have  bro¬ 
ken  off  when  the  pump  was  removed  from  the  well  in  1990.  At  the  conclusion  of  work 
at  CW-150,  debris  had  been  cleared  to  a  total  depth  of  370  feet.  Thus,  only  2  feet  of 
debris  remained  in  the  hole. 

All  equipment  used  at  CW-150  was  decontaminated  by  steam-cleaning  at  the  contrac¬ 
tor’s  staging  area  on  McClellan  AFB.  Piping  removed  from  the  hole  is  stored  within 
the  fence  at  CW-150  and  will  be  transported  to  the  DRMO  facility  on  base  for  dis¬ 
posal.  Because  the  casing  had  previously  been  shown  to  be  in  good  condition,  no  addi¬ 
tional  television  survey  was  required  for  CW-150. 


BASE  WELLS 

Work  performed  in  base  wells  involved  first  bailing  oil  floating  on  the  water  in  BW-1 
and  BW-12.  Next,  each  well  was  "scratched"  to  clean  iron  bacteria  and  encrustations 
from  the  casing.  Finally,  each  base  well  was  given  a  television  survey  to  determine 
whether  the  cleanup  was  successful  and  evaluate  the  condition  of  the  casing  prior  to 
cementing.  All  equipment  was  steam-cleaned  prior  to  use  at  each  well.  Work  on  base 
wells  was  performed  between  March  18  and  April  3,  1991. 

PUMP  LUBRICATING  OIL 

The  television  survey  performed  in  wells  during  February  1991  had  indicated  that  about 
1  foot  of  pump  lubricating  oil  floated  on  the  surface  of  the  water  in  BW-1,  BW-2,  and 
BW-12.  Only  a  thin  film  of  oil  was  observed  in  BW-27  and  CW-150.  The  pump  in 
BW-27  was  removed  in  1972,  and  the  well  has  been  idle  for  nearly  19  years.  Any  oil 
potentially  present  in  the  well  in  1972  has  probably  decomposed  by  now.  CW-150  was 
given  routine  maintenance  in  1984,  at  which  time  the  pump  was  pulled  and  overhauled. 
The  pump  was  removed  entirely  in  1990.  During  one  of  these  operations,  oil  may  have 
been  removed  from  the  casing-oil  is  normally  released  from  the  pump  and  pump  col¬ 
umn  during  routine  pump  operation. 

Pumps  were  removed  from  BW-1,  BW-2,  and  BW-12  in  February  1991.  BW-1  and 
BW-12  have  been  inactive  since  1980,  while  BW-2  has  been  inactive  since  1979.  Each 
of  these  wells  was  observed  to  contain  lubricating  oil  in  the  first  television  survey. 
However,  when  BW-2  was  bailed  during  rehabilitation  in  March  1991,  no  oil  was  found. 
This  is  reasonable  since  the  depth  of  water  in  BW-2  was  measured  at  109  feet,  while 
the  uppermost  perforated  interval  runs  from  about  100  to  110  feet  below  the  ground 
surface.  (Groundwater  levels  have  declined  in  the  Sacramento  area  since  BW-2  was 
constructed.)  Apparently,  any  oil  originally  present  has  flowed  through  the  perforations 
into  the  subsurface  as  water  levels  have  declined.  The  lubricating  oil  is  light  colored 
and  difficult  to  distinguish  from  water  on  the  television  survey.  A  check  in  BW-27  and 
CW-150  confirmed  the  absence  of  oil  in  these  wells. 
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A  6-inch-diameter,  10-foot-iong  bailer  was  lowered  into  BW-1  and  BW-12  to  remove 
-  the  lubricating  oil.  On  the  first  pass  into  the  hole,  the  bailer  was  completely  lowered 
into  the  water,  so  that  oil  flowed  into  the  top  of  the  bailer.  On  subsequent  passes,  the 
bailer  was  partially  submerged  to  minimize  the  intake  of  water.  However,  both  oil  and 
water  were  removed  from  each  well.  Bailing  continued  until  no  additional  oil  was 
observed.  Each  well  required  two  55-gallon  drums  to  contain  the  oil/water  mixture. 
These  drums  are  sealed  and  stored  at  the  well  head,  and  will  be  disposed  of  by  a  petro¬ 
leum  recycler. 

WELL  CLEANING 

Each  base  well  was  cleaned  by  raising  and  lowering  a  steel  brush  along  the  inside  of  the 
casing  to  dislodge  the  iron  bacteria  and  encrustation.  Each  well  was  slowly  brushed 
from  top  to  bottom  in  200-foot  strokes  until  the  casing  was  judged  to  be  clean.  The 
brush  was  fabricated  by  drilling  closely  spaced  holes  in  a  6-foot  length  of  steel  pipe. 
Steel  cable  was  then  drawn  through  the  pipe  and  cut  at  a  length  that  corresponded  to 
the  diameter  of  the  casing.  The  cable  was  unraveled  so  that  steel  wire  formed  a  rigid 
brush.  A  separate  brush  was  prepared  for  BW-12,  BW-27,  and  BW-1  and  BW-2  to 
accommodate  the  three  differing  diameters  in  these  wells.  BW-12  was  found  to  contain 
a  14-inch-diameter  casing  from  the  surface  to  a  depth  of  140  feet,  which  then  tele¬ 
scoped  to  12-inch-diameter  casing  for  the  remainder  of  the  hole. 

TELEVISION  SURVEY 

Base  wells  were  given  a  second  television  survey  following  the  cleaning  of  the  casing. 
This  survey  was  performed  to  determine  whether  the  cleanup  was  successful  and  to 
evaluate  the  condition  of  the  casing.  Previously,  the  casing  was  covered  with  bacterial 
matting  and  iron  oxide  encrustations  in  each  of  the  base  wells.  Because  of  the  pres¬ 
sures  and  stresses  imposed  on  the  casing  during  cementing  operations,  it  was  important 
to  examine  the  casing  to  locate  points  of  corrosion,  cracks,  and  other  zones  of  potential 
weakness.  Copies  of  the  reports  provided  by  Layne-Western,  who  performed  the  sur¬ 
vey,  are  included  as  Appendix  A. 

Review  of  the  video  tapes  revealed  that  the  matting  and  encrustations  were  successfully 
removed  from  each  of  the  wells.  Perforations  in  the  wells  were  located  at  approxi¬ 
mately  the  same  intervals  as  described  in  the  original  Well  Drillers  Report,  for  the 
wells.  Water  in  the  casing  tended  to  be  clear  adjacent  to  perforated  intervals,  where 
groundwater  movement  swept  suspended  particles  into  casing  slots,  and  cloudy  adjacent 
to  blank  sections  of  casing.  In  general,  well  casing  appeared  to  be  solid  and  in  reason¬ 
ably  good  condition. 

However,  casing  in  BW-12  was  found  to  be  in  an  advanced  state  of  deterioration. 
Cracks  and  holes  were  found  at  numerous  locations  along  the  casing.  In  addition  to 
defects  noted  on  the  video  log  (see  Appendix  A),  cracks  were  noted  in  the  following 
depth  intervals  below  ground  surface:  89-95  feet,  108-111  feet,  336-337  feet,  and 
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367-369  feet.  Additional  holes  were  observed  at  depths  of  158,  223,  and  235  feet. 
Many  of  the  slotted  perforations  appeared  to  have  "ragged"  edges,  implying  that  corro¬ 
sion  had  occurred. 


RECOMMENDATIONS 

Each  of  the  wells  appears  to  be  ready  for  decommissioning.  BW-1,  BW-2,  BW-27,  and 
CW-150  seem  capable  of  withstanding  the  stresses  imposed  by  injecting  cement  under 
pressure  through  a  packer.  However,  because  of  the  weakened  conditions  of  the  casing 
in  BW-12,  it  is  recommended  that  the  abandonment  approach  be  modified  from  that 
described  in  the  1991  CH2M  HILL  report.  Well  Closure  Methods  and  Procedures. 

It  is  recommended  that  BW-12  be  abandoned  in  stages  using  a  special  fine-grained 
cement  supplied  by  Halliburton  Services.  This  cement,  known  as  standard  fine  cement, 
has  particle  sizes  approximately  10  times  smaller  than  standard  cement,  and  can  pene¬ 
trate  openings  as  narrow  as  0.05  millimeters.  Because  of  its  small  particle  size  and  high 
surface  area,  standard  fine  cement  has  a  high  water  requirement,  resulting  in  a  light¬ 
weight  slurry  of  low  viscosity.  Each  lift  of  cement  in  BW-12  will  be  pumped  through  a 
tremmie  pipe  lowered  to  within  5  feet  of  the  bottom  of  the  well  (or  top  of  the  previous 
lift).  After  pumping,  the  pipe  will  be  lifted  while  water  is  immediately  pumped  into  the 
top  of  the  well.  If  the  water  level  can  be  maintained  at  the  top  of  the  well,  then  a 
differential  pressure  of  nearly  50  psi  will  be  available  to  force  the  cement  into  the 
gravel  pack.  It  should  prove  easier  to  maintain  a  desired  head  of  water  in  the  well  as 
cementing  proceeds  up  the  casing  and  permeable  zones  are  sealed  off.  This  will  help 
to  ensure  that  contaminated  water  at  the  water  table  will  not  migrate  to  deeper  zones. 
The  use  of  standard  fine  cement  in  BW-12  should  not  increase  the  overall  cost  of  well 
decommissioning  above  the  original  cost  estimate. 
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APPENDIX  A 

TELEVISION  SURVEY  REPORTS 


I 

I 


Customer  j4-:il 


annem  t.v.  camera  survey 

iiM-i 


Date  y  7  / 


Job  No.,  VG 


Well  No.  ^^3  / 


Location:  hv  >.')  “7 


County 
Sec _ 


City  . 
Twp. . 


S.W.L.  in 


k^^fi  r.r 

State  _ 

Rge. - 


Ui. 


Tape  Made  Yes  D?I  No  □  Tape  File  No,  _ ^ 

Was  Well  Sackflushed?  Yes  SI  No  □ 

How  Long  Backflushed? _ 

Tape  Length  In  Minutes _ _ _ 


Brief  Well  Description 


(See  Well  Drawing  “Sketch"  On  Back) 


VAN  VCR  OFFICE  VCR 

DEPTH  COUNTER  COUNTER  DESCRIPTION 


Technician 


LW-275A 


aunem  t.v.  camera  survey 


Customer  /f  <Z /v\  v,  // - 

JnhNo.  _  Well  No.  _  S.W.L - ZZil 

Location:  ;ir*  TO 

County _ City _  State  

Sec _ Twp - Rge. 

Tape  Made  Yes  ^  No  □  Tape  File  No.  J? . _ 

Was  Well  Backflushed?  Yes  lil  No  □ 

How  Long  Backflushed? _ 

Tape  Length  In  Minutes _ 

Brief  Well  Description  _ 


(See  Well  Drawing  "Sketch"  On  Back) 


DEPTH 

VAN  VCR 
COUNTER 

OFFICE  VCR 
COUNTER 

DESCRIPTION 

Technician 


^aunem  t.v.  camera  survey 


Date  2 J 7/ 


Customer  C//x^  hii'fl - 

Job  No.  S"  _  Well  No _ 12 _  S.W.L _ 

Location:  ^4 j/-  4/r// jr./7  /V'- nn 

County _ City _  State  _ 

Sec _ Twp - Rge - 

Tape  Made  Yes  W  No  □  Tape  File  No.  X  _ 

Was  Well  Backflushed?  Yes  IS!  No  □ 

How  Long  Backflushed? _ 

Tape  Length  In  Minutes _ 

Brief  Well  Description  ej^'rld%  StF  _ tlZ. _ &lL _ _ 

c7  f  5^/,  ^  . _ 

_ //p/g. _ yVi _ LiJLSL^ _ • _ 

_ f  ^  ci/t  rijH*-*.. _ 


(See  Well  Drawing  *‘Sketch"  On  Back) 


DEPTH 

VAN  VCR 
COUNTER 

OFFICE  VCR 
COUNTER 

DESCRIPTION 

St%/L 

^d]t  /-*  StAt-  f  ^  ^ 

i^SBS 

*''t.  P i'rPfiTttPtv (^Ctc/fe/z  ) 

WJ^BHk 

wm 

Spiff  strife  K  f  fcfViec/oei? 

/fdri  A  /»r4v/c 

Atffi 

if  hi  (  */  c!‘ele^'k,  ) 

Hix. 

^  0  ^  - 

/4^fc  /■'-t  (:iett^cky 

mm 

J  V  ■ 

/rtfhs  I'-v  -t< 

1^1 

fi) 

TiXpyttJL.  7^  /Xl" 

Technician 


^aunem  t.v.  camera  survey 


Customer 


Job  No.  Ct/ 

Location: 

County _ 

Sec _ 


Tape  Made  Yes  [S 
Was  Well  Backflushed? 
How  Long  Backflushed? 
Tape  Length  In  Minutes_ 
Brief  Well  Description  _ 


Date 


r- 


Well  No. 


City  . 
Twp.. 


S.W.L 


state  _ 


Rge. 


No  □  Tape  File  No.  ^ 

Yes  0  No  □ 

/  ^  /i/ct'-t  s _ _ _ 


(See  Well  Drawing  “Sketch”  On  Back) 


Technician 
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MATERIAL  SAFETY  DATA  SHEETS 


SAC/T183/013.51-7 


FLDCELE'  3/S' 


MATERIAL  SAT  Elf  *  HAT  A  SHEET 
WALLISURTON  SERVICES 
DUNCAN.  OKLAHOMA  73536 


DATE: 

REVISED  DATE  3.0--17~90 


EMERGENCY  TELEPHONE!  405/251-3565  OR  405/251-3569 
AFTER  HOURS!  405/251-3760 


*********  SECTION  I  -  PRODUCT  DESCRIPTION 


*********** 


MICAL  CODE!  FLOCELE  3/8" 
OTYi  25#  BAG 
VICE  USED!  CEMENTING 


PART  NUMBER!  890500710 
APPLICATION!  LOGS  CIRCULATION  ADDITIVE 


*********  SECTION  II  -  COMPONENT  INFORMATION  -  ********** 


COMPONENT*  ++*+**  *  *  + 


PERCENT  TLV 


..OPHANE  >  60  y*  10  MG/M3  15  MG/M3 

*  *  *  *  *  *  *  *  *  *  SECTION  III  -  PHYSICAL  DATA  -  *  *  *  *  *  *  *  *  *  *  *  *  * 


PROPERTY 


MEASUREMENT 


■EA  RANGE 
DOR 

PCIFIC  GRAVITY  <H20-1) 
«  DENSITY 

mitriLITY  IN  WATER  AT 
•■deg  C,  GMS/IOOML  1-120 
■  DEGRAPADILITY 
(I-'RCENT  VOLATILES 


COLORLESvS  SOLID.  FLAKES 
ODORLESS 
:l  .440 

15.00  LB/CU.FT, 


INSOLUBI..E 

SLOWLY 

N/A 


kPORATION  RATE (BUTYL  ACETATE“1)  N/A 


•dr  DENSITY 

"or  PRESSURE  (MMH'S) 

KLING  point <760  MMHG) 
R  POINT 
EZE  POINT 

OLUBILITY  IN  SEAWATER 


N/A 

N/D 

N/A 

N/A 

N/A 

NOT  t:vALUAr)::D 


TITION  COEF  (OCTANOL  IN  WATER)  NOT  EVALUATED 


******  *  *  *  SECTION  IV  -  FIRE  AND  EXPLOSION  DATA 


•A'  A’  ‘A*  AAA*  A*  A  A  A* 


•a (704)  RATING! 

"health  1  FLAMMABILITY  0  REACTIVITY  0  SPECIAL  NONE 

^SH  POINT  N/A 

■dIGNITION  TEMPERATURE  ■  ND  F  /  ND  C 

■mMABLE  LIMITS  <0Z.  PER  CU .  FT.)  LOWER  N/D  UPPER  N/D 

■••+fl+  +  +  +  +  +  +  +l"»-  +++  +  +»-»-*«"*+  +  *  +  +  +  +  +  +  +  +  ++++  +  +  +  4+  +  +J++-*-J.+-f»  +  f  +  +  +  +  +  .|.  .♦+  +  +++  +  +  4  +  +  +  .*.  +++ 

IINGUISHING  .MEDIA! 

USE  WATER  SPRAY,  FOAM,  DRY  CHEMICAL.  OR  CARBON  DIOXIDE. 

PECIAL  FIRE  FIGHTING  PROCEDURES: 

■  AVOID  CREATING  DUST  CLOUDS  Wl  i'H  E'XTINGUIS! iERS . 

FULL  PROTECTIVE  CLOTHING  AND  NIOSH/HSHA  APPROVED  SELF-CGNTi'-ilNED  DREA 5‘H.ING 
APi-ARAIUS  REOUIRED  FDR  i-IRF.  FICHriNG  PERSONNEL., 

NUSUAL  FIRE  AMD  EXPLOSION  HAZARDS: 

I  INCOMPLETE  THERMAL  DECOMPOS  C  rXON  HAY  PROijUCE  CARBON  DIOXIDE  AND  CARBON 

MOKOXIOE. 


t 


IFORNIA  PROPOSITION  *5: 

liUCT  OR  PRQDUCr  CGHPONENTS  fiPE  NOT  REGULATED  UNDER  CALIF.  PROPOSITION  65. 


^CINOGENIC  OFTI::  PHINA  T  ION  i 

■duct  Oft  COMPONENIS  ARE  NOT  LISTED  AS  A  POTENTIAL  CARCINOGEN 
■OROING  TO  !  "NTP,  lARC,  OSHA,  OR,  ACIGH". 

JOUCT  TOXICITY  DATA!  NOT  DETERMINED 

ROOUCT  TLV!  10  MG/M3  (T)j  5  MG/M3  <R) 

-  EFFECTS  OF  EXPOSURE  - 

MARY  ROUTES  OF  EXPOSURE! 

INHALATION, 

JeSSENTIALLY  NON-IRRITATING.  .  .  - 

KIN! 

•ESSENTIALLY  NON- IRRITATING. 

ALATIONi 

TREAT  AS  NUISANCE  DUST. 

IESTIONi 

TH.TS  MATERIAL  IS  OF  UERY  LOW  ACUTE  TOXICITY.  THERE  IS  NO  EVIDENCE  OF 
ADVERSE  EFFECTS  FROM  AVAILAOilLE  INFORMATION. 

HRONIC  EFFECTS! 

I  NO  CHRONIC  EFFECTS  EXPECTED. 
lER  SYMPTOMS  AFFECri=;i3 ! 

A  REVIEW  OF  AVAILABLE  DATA  DOES  NOT  IDENTIFY  ANY  CONDITIONS  WORSENED  DY 

■  EXPOSURE  TO  THIS  PRODUCT. 

. . . . . .  EMERGENCY  AND  FIRST  AID  PROCEDURES  . — . — . - . 

UNDER  NORMAL  CIRCUMSTANCES,  NO  FIRST  AID  PROCEDURES  WOULD  BE  REQUIRED. 


t 

ta; 

I 


*  *  *  •*  A-  *  -A  -A-  A-  A  SECTION  VI 


REACTIVITY  DATA 


•A‘  ’A'  A  A'  A'  A*  A  A  A  A*  A*  A* 


rABIL.nY!  .STABLE 
IDITIDNS  TO  AVO.i;U! 

NOT  APPLICABLE. 
hTCOMPATIBILITY  (MATERIALS  TO  AVOID)! 

»  ST RUNG  OXIDIZERS. 

ARDOLiS  DECOMPOSITION  PRODUCTS: 

CARBON  MONOXIDE  AND/OR  CARBON  DIOXIDE. 
AZARD  POLYMERIZATION!  WON"!  OCCUR 

fDITIONS  TO  AVOID! 

NOT  APPLICABLE. 


I 

Ai 


*  *  *  *  A-  A-  A-  SECTION  VII 


SPILL  OR  LEAK  PROCEDURES 


A  A  A  A  A  A  A  A  A 


;PS  TO  BE  TAKEN  IF  MATERIAL  IS  RELEASED  OR  SPILLED: 

USE  PROTECTIVE  EQUIPMENT.  SWEEP  UP  AND  REMOVE.  AVOID  CREATING  OR  INHALING 
DUST . 

liKTE  DISPOSAL  METHOD! 

IF  NOT  CONTAMINATED,  REUSE  PRODUCT. 

I  GET  APPROVAL  FROM  LANDFILL  OPERATOR  AND  TRANSPORT  TO  SANITARY^LANDFILL . 


A-  A  A  A  A  A  A  A  SECTION  VIII 


S PEC I AL  PROTECT I ON  I NFO RMAT I ON 


•A*  A- 


•A*  'A*  Vv  -A' 


KPIRi-VrORY  PRO  fECT[ON  (USE  NTOSH/M.SHA  APPROVED  L-;QU.I:PM£N  I  ) 

■not  normally  necessary. 

•ENTILATIONi 

I  US!.-  ONL  Y  WITH  ADEQUATE  VENT  ILATION.  LOCAL  EXHAU-SI'  VENTILATION  IB  NOT 
NORMALLY  NEE  ORB. 

•  i'>n  ■»  r  r-i  Ti  .-r;)  ■-.t  ir  c-  . 


YE  PROTECTION: 

§  GOGGLES  AND/OP  FACE  SHIELD. 

ER  PROTECTIVE  EGRJIPMENT: 

NORMAL  WORK  COVERALLS. 

•jP  *********  -A-  SECTION  IX  ~  SPECIAL  PRECAUTIONS 
-RECAUTIONARY  LABELING  FLOCELE  3/8" 


'k  k  k  k  k  k  k  k  k  k 

390 . GOO? 10 


I 

I 

I 

jH 


CAUTION! 

TREAT  AS  NUISANCE  OUST. 

FOR  PRECAUTIONARY  STATEMENTS,  REFER  TO  SECTIONS  IV-UIII. 

ER  HANDLING  AND  STORAGE  CONDITIONS: 

STORE  IN  DRY  LOCATION  TO  PROTECT  PRODUCT  QUALITY. 

AVOID  CREATING  OR  INHALING  OUST. 

TAINER  DISPOSITION: 

EMPTY  CONTAINER  COMPLETELY.  DISPOSE  OF  EMPTY  CONTAINER  IN  SANITARY  LANDFILL 
BY  FIRST  OBTAINING  LANDFILL  OPERATOR'S  AUTHORIZATION. 


********  SECTION  X 


TRANSPORTATION  INFORMATION 


*  *  *  *  *  *  *  *  * 


SHIPPING  OESC R I PT I ON : 
•  RESTRICTED 


******** 


SECTION  XI  ENVIRONMENTAL  EVALUATION 


•A'  A'  A*  A‘  A*  A*  A*  A*  k  k 


SUPERFUNtXSARA)  TITLE  III  »  HAZARD  CLASSIFICATION  &  ASSOCIATED  INFORMATION 
FIRE:  N  PRESSURE:  N  REACTIVE:  N  ACUTE  (IMMEDIATE):  Y 
CHRONIC  (DELAYED):  N  MIXTURE  OR  PURE  MATERI.AL:  MIX 

EPA  •••  CERCLA/SUPERFUND,  AO  CFR  302  (REPORTABLE  SPILL  QUANTITY) 

N/A 

EPA  SARA  TITLE  III,  CFR  BUS  (EXTREMELY  HAZARDOUS  SUBSTANCES) 

PRODUCr  CONTAINS  NO  EXTREMELY  HAZARDOUS  COMPONE:\'TS 

EPA  "■  SARA  TITLE  III,  40  CFR  372  (LIST  OF  TOXIC  CHEMICALS) 

CHEMICAL  CONTAINS  NO  TOXIC  INGREDIENTS 

COMPONENTS  LISTED  ON  FOLLOWING  CHEMICAL  INVENTORIES 

TSCA  YES  CEPA  NE  EEC  YES  ACOIN  YES  NPR  YES  DRSM  YES 

EPA  -  RCRA  (HAZARDOUS  WASTE)  ,  40  CFR  261 

IF  PRODUCT  BECOMES  A  WASTE,  IT  DOES  NOT  MEET  THE  CRITERIA  OF  A 
HAZARDOUS  WASTE 


*  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  * 


INFORMATION  WHICH  IS  CONTAINED  IN  THIS  DOCUMENT  IS  BASED  UPON  AVAILABI, 
)ATA  AND  BELIEVED  TO  BE  CORRECT.  HOWEVER,  AS  SUCH  AS  IT  HAS  BEEN  OBTAINED 

flOUS  SOURCES,  INCLUDING  THE  MANUFACTURER  AND  INDEPENDENT  LABORATORIES, 
EN  WITHOUT  WARRANTY  OR  REPRESENTATION  THAT  IT  IS  COMPLETE,  ACCURATE  AND 
}E  RELIED  UPON.  HALLIBURTON  HAS  NOT  ATTEMPTED  TO  CONCEAL  IN  ANY  WAY  THE 

I.ETER.TOUS  ASPECTS  OF  THE  PRODUCT  LISTED  HEREIN.  BUT  iMAKEB  :V0  WARRANTY  AS 
;H.  FURTHER,  AS  HALLIBURTON  CANNOT  ANTICIPATE  NOR  CONTROL  THE  MANY 
UATIONG  IN  WHICH  THE  LISTED  PRODUCT  OR  THIS  INF ORNAi  TijN  MAY  BE  USED  BY 
;^:)TOMER,  i'HERE  IS  NO  GUARANrEE  THftl  THE  HEALTH  AND  SAFLTY  PRECAUTIONS 
■■■.■iGESTED  WILL  BE  RROPER  UNDER  ALL  CONDITIONS.  IT  IS  H-iE  SOLE  RES  PONS  I B I  i, 
.■each  ySB.R  OF  THE  LISTED  PRODUCT  fO  DETERMJNE  AND  l;0;'.PLv  WITH  TsiE 
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CEnEKT  .  ST ANu-'P S  i-  T NE 

HATER  I AL  SAELfr  DATA  SHEET 
HALLieURrOH  SERVICES 
DUNCAN,  OKLAHOHA  73536 


F'AAL  t 

DATE;  O-'i  .!5-yi 
REVISED  Date  os-os-yo 


EHERGENCY  TELEPHONE!  405/251-3565  OR  405/251-3569 
AFTER  HOURS!  405/251-3760 


*********  SECTION  I 


PRODUCT  DESCRIPTION 


MICAL  CODE!  CEMENT,  STANDARD  FINE 
OTY!  SACK  APPLICATION!  CEMENT 

VICE  USED!  CEMENTING 


*  *  *  *  *  *  *  *  A  A-  A- 

FART  NUMBER!  51600^840 


*********  SECTION  II  -  COMPONENT  INFORMATION  -  *  *  *  *  *  *  *  *  *  * 
I  COMPONENT+  +  +  ■♦•>  +  +  •♦•  +  +  PERCENT  TLV  PEL 


I 

I 

PP 

I 


TLAND  CEMENT 

ICA .  CRYSTALLINE . QUARTZ 

*  *  *  *  *  *  *  *  *  *  SECTION  III 


>  60  y*  10  MG/M3  15  HG/H3 
<3  ?l’  0.1  M(3/H3  0,1  MG/M3 

PHYSICAL  DATA  ••••  *  *  *  *  *  *  *  *  *  *  *  *  * 


PROPERTY 


MEASUREMENT 


PPF'A  RANGE 
R 

;CIF.r.C  C3RAVITY  <H20-1> 
K  DENSITY 

kuBXLITY  IN  WATER  AT 
•  deg  C.  GMS/IOOHL  H20 
lODEGRADABILITY 
JCENT  VOLATILES 


GRAY  SOLID,  POWDER 
ODORLESS 


3.150 

94.00  LD/CU.FT. 
12.4 

.  l-l .  0 
N/A 
0 


U^'ORATION  RATE  (BUTYL  ACETATE«1)  N/A 


A FOR  DENSITY 

IPO  I?  PRESSURE  (MMHG) 
[ling  P0INT(760  MMHO) 
IjR  POINT 
REEZE  POINT 
mUBILITY  IN  SEAWATER 


N/A 

N/A 

N/A 

N/A 

N/A 

NOT  EVALUATED 


TITION  COEF  (OCTANOL  IN  WATER)  NOT  EVALUATED 
*  *  *  *  *  *  *  *  SECTION  IV  -  FIRE  AND  EXPLOSION  DATA 


:A*  'A'  A  ’A'  A-  A*  A*  A*  A* 


FT>A(704)  RATING! 

»  HEALTH  1  FLAMMABILITY  0  REACTIVITY  0  SPECIAL  NONE 
SH  POINT  NONE 

OIGNITION  TEMPERATURE  ND  F  /  ND  C 

LAMMABLE  LIMITS  (OZ.  PER  CU .  FT.)  LOWER  N/D  UPPE^R  ^  N/D 

I.  .j.  .j. +  +  +  .j. f.  .j.  +  +  .j. J. i. j. .J. -j.  .j..f +  .f. ». .j. j. + .f  .f. .j.  .f.  .j.  .j.  .f  +  f  j.  .J.  4-  .f. -j. .}, ,}. 

INGUISIIING  MEDIA: 

NONCOHOUSTIBLE 

I;CIAL  FIRE  FIGHTING  PROCEDURES! 

NOT  A  P  Pi..  ICA  DU?:. 

FSUAL  FIRE  AND  EXPL0S30N  HAZARDS! 

I  NO  FIRE  HAZARD. 

NOT  APPLICABLE. 


J*  ^  I  «  ji  4  P' {—**■■ 


il«*. /‘I  »S'  t  .X  .1  «  ii  .X 


SflW¥84<» 


ALIFORNIA  PROPOSITION  65:  '  - 

JDUCT  OR  PRODUCT  CDMi:ONI:;NTS  ARE  REGULATED  UNDER  CALIF.  PROPOSITION  65. 

ARC  I  NOGEN  I C  HE  !  L  f;"i  J  -^C-;  f  ]  ON  : 

KiJOOl  Oh  ■;•  I'-'Et.  LIbic.D  AO  A  POTENTIAL  (.  AK'.' J  ('iOfaLN 

OROXNG  TO  :  lARC 


RODUCT  TOXICITY  DATA i  NOT  DETERMINED 


>DUCT  TLVi  10  MG/M3  <T)  5  MG/MS  <R) 


\ - - -  EFFECTS  OF  EXPOSURE 

BTES  OF  EXPOSURE! 

EYE  OR  SKIN  CONTACT,  INHALATION. 


■OUST  MAY  CAUSE  MODERATE  TO  SEVERE  EYE  IRRITATION  WITH  CORNEAL  INJURY  THAT 
MAY  BE  SLOW  TO  HEAL. 

KINi 

I  CEMENT  DUST  CAN  BE  IRRITATING  TO  SKIN.  WET  CEMENT  CAN  DRY  THE  SKIN  AND 
CAUSE  ALKALI  BURNS.  SEiNSITIVE  INDIVIDUALS  MAY  DEVELOP  ALLERGIC  DERMATITIS. 
NHALATION ! 

tMAY  BE  IRRITATING. 

•TREAT  AS  NUISANCE  DUST. 

ONIC  EFFECTS! 

■  CRYSTALLINE  SILICA  IS  NOT  ON  THE  NTP  OR  OSHA  CARCINOGEN  LIST.  lARC  HAS 
DETERMINED  THERE  IS  SUFFICIENT  EVIDENCE  FOR  CARCINOGENICITY  OF  CRYSTALL'INE 
SILICA  TO  EXPE'RIMENTAL  ANIMALS  AND  LIMITED  EVIDENCE  TO  HMHANS .  "LIMITED 
EVIDENCE"  MEANS  POSSIBLE  RELATIONSHIP,  BUT  OTHER  FACTORS  CANNOT  BE  EXCI-UDED. 

I  CONTAINS  TRACE  AMOUN'TS  OF  ARSENIC,  A  CHEMICAL  KNOWN  TD  ’I’HE  STA'TE  OF 
CALIFORNIA  TO  CAUSE  CANCER.  EXPOSURE  TO  ARSENIC  SHOULD  NOT  EXCEED  THE 
i-'l.‘DERf>.L  OSHA  PEL  UNLESS  USED  IN  A  MANNER  THAT  PRODUCES  EX'l‘REMt?;L'Y  HEAVY  AIR- 

I  BORNE  CONCENTRATIONS  OF  PRODUCT  AT  LEVELS  WELL  AGJQVE  THE  ALLOWABLE  LIMITS. 

ICR  An-Ll  TED! 

DECAUCE  of  its  [RRiTATINO  PROPERTIES,  THIS  MATERIAL  MAY  AOORAVATE  AN 
EXISTING  DERMA'i  ITI9. 

1^- . . . .  emergency  and  fipsi  aid  procedures  — . . . . . . . 

IMMEDIATELY  FLUSH  EYES  WITH  PLENTY  OF  WATER  FOR  AT  LEAST  15  MINUTES.  IF 

I  IRRITATION  PERSISTS,  SEEK  PROMPT  MEDICAL  ATTENTION. 

:N! 

PROMPTLY  WASH  SKIN  WITH  SOAP  AND  WATER.  WASH  CLOTHING  BEFORE  REUSE. 

tIALATION ! 

REMOVE  TO  FRESH  AIR.  IF  IRRITATION  PERSISTS,  SEEK  MEDICAL  ATTENTION, 

?ESTION  1 

DO  NOT  INDUCE  VOMITING!  IN  GENERAL,  NO  TREATMENT  IS  NECESSARY  UNLESS  LARGE 
J QUANTITIES  ARE  INGESTED.  HOWEVER,  MEDICAL  ADVICE  SHOULD  BE  OBTAINED. 

*  *  A  *  A-  A  A-  *  A-  A  A  SECTION  VI  “  REACTIVITY  DATA  -  A-  A  A  A  A  a  a  a  a  a  a  a 

KBILITY!  STABLE 
DITIONS  TO  AVOID! 

STORE  IN  A  DRY  LOCATION. 

I  COMPATIBILITY  (MATERIALS  TO  AVOID): 

NONE  KNOWN. 

AZARDOUS  DECOMPOSITION  PRODUCTS! 

tNONE  KNOWN . 

:AR1:i  POLYMT-RtZATION!  WON''T  OCCUR 
lOITIONS  TO  AVOID! 

«  NUT  A  PIT..  I  CABLE. 


GPIlL  op  leak  procedures 


A  -A  A 


A  A  siKcrioN  VI  I 


A  vV  -A-  -A  -A  A  A  -A  A 


I 

I 


AMO ID  CREATING  OR  INHALING 


USE  PROTECTIVE  EQUIPMENT.  SWEEP  UP  AND  REMOVE, 

DUST . 

TE  DISPOSAL  MLFHDD! 

IF  NOT  CON'}  AM  I  NFS  ED  .  REUSE  PRODUCT. 

GET  APPROVAL  FROM  LANDFILL  OPCRaTOP  AND  IKAi^CPuliT  TO  OA.-ITaRY  LANDULL 


A  *  *  *  *  A  SECTION  VIIJ 


SPECIAL  PROTtXTION  INI- ORMAJ  ION 


•k  k  k  k  k  k  'i 


IPIRATORY  PROTECTION  <USE  NIOSH/MSHA  APPROVED  EQUIPMENT); 

TOXIC  OUST/HIST  RESPIRATOR. 

'ENTILATION: 

•USE  ONLY  WITH  ADEQUATE  VENTILATION. 

TECTIVE  GLOVES; 

NORMAL  WORK  GLOVES. 

»  PROTECTION; 

DUST  PROOF  GOGGLES. 
eR  PROTECTIVE  EQUIPMENT; 

NORMAL  WORK  COVERALLS. 


I 

I 


*  A-  *******  A-  SECTION  IX  -  SPECIAL  PRECAUTIONS 
CAUTIONARY  LABELING  CEMENT,  STANDARD  FINE 


k  k  k  A*  'A'  A*  A:  A'  A*  A* 

5:1 6 , 004840 


WARNING! 

CONTAINS  A  SMALL  AMOUNT  OF  CRYSTALLINE  SILICA,  REPEATED  OR  PROl.ONGED 

■INHALATION  OF  DUST  MAY  CAUSE  A  DELAYED  RESPIRATORY  ILLNESS  (SILICOSIS). 
INTERNATIONAL  AGENCY  FOR  RESEARCH  ON  CANCER  (I ARC)  MAS  DETERMINED  THERE 
LIMITED  EVIDENCE  OP  THE  CARCINOGENICITY  OF  CRYSTAIJ.,INE  SILICA. 

I  MAY  CAl.iSE  EYE  AND  SKIN  IRRITATION. 

MAY  CAUSE  SKIN  BURNS  IF  CEMENT  IS  WET  OR  WITH  CONFINED  INTIMATE  CONTACT 
FOR  PRECAUTIONARY  STATEMENTS,  REFER  TO  SECTIONS  IV-VIII. 

'LtlER  HANDLING  AND  STORAGE  CONDITIONS; 


THI 


I 

f 

I 


STORE  IN  DRY  LOCATION  TO  PROTECT  PRODUCT  QUAI.  I7Y. 

AVOID  CREATING  OR  INHALING  DUST. 

AVOID  CONTACT  WITH  SKIN,  EYES  AND  CLCriHING. 
rr  A I NE  R  D I S  POS I T  I  ON  : 

EMPTY  CONTAINER  COMPLETELY.  DISPOSE  OF  EMPTY  CONTAINER  IN  SANITARY  LANDFILi. 
BY  FIRST  OBTAINING  LANDFILL  OPERATOR'S  AU  IT-iORIZATIOiM . 


*  *  *  *  *  *  *  *  SECTION  X 


T  R ANS PO R TAT I ON  I NFO R M AT I ON 


•A*  A*  A'  k  k  k  k  k  k 


‘OT  SH I P P I NG  OESC R I PT ION: 
H  RESTRICTED 


*  'A'  *  *  *  *  *  * 


SECTION  XI  ENVIRONMENTAL  EVALUATION 


*  *  *  *  *  *  *  *  *  * 


SUPERFUNQ(SARA)  Trn..E  III  HAZARD  CLASSIFICATION  &  ASSOCIATED  INFORMATION 
FIRE:  N  PRESSURE:  N  REACTIVE:  N  ACUTE  (IMMEDIATE):  Y 
CHRONIC  (DELAYED):  N  MIXTURE  OR  PURE  MATERIAL:  PURE 


EPA  -  CEi'RCLA/SUPERFUND,  40  CFR  302  (REPORTABLE  SPILL  QUANTITY) 

N/A 


EPA  “■  SARA  TITLE  III,  CFR  355  (EXTREMELY  HAZARDOUS  SUBSTANCES) 
PRODUCr  CONTAINS  NG  EXTREMELY  HAZARDOUS  COMPONENTS 

I- PA  •'  SA.PA  TirLP;  III,  40  CFR  372  (LISI  OF  TO^  V;  CHEmTCALS) 

Cl  iFMXCAL  CNN  FAINS  NO  TOXIC  INGREDIENFS 

COMPONENTS  LISTED  ON  FOLLOWING  CHEMICAL  INVENTORIES 


ir.: 


CL Pa  NE 


■jCiON  YES 


NPR 


DPSM  YES 


I;i;f  product  becomes  a  uaste,  it  does  not  meet  the  criteria  of  a 

HAZARUuUS  UASn;. 


HE  INFORMA r ION  WHICH  IS  CONTAINED  IN  THIS  DOCUMENT  IS  BASED  UPON  AVAILABLE 

«A  AND  BELIEVED  TO  BE  CORRECT.  HOWEVER,  AS  SUCH  AS  IT  WAS  BEEN  OBTAINED  FROM 
lOUS  SOURCES,  INCLUDING  THE  MANUFACTURER  AND  INDEPENDENT  LABORATORIES,  IT  IS 
EN  WITHOUT  WARRANTY  OR  REPRESENTATION  THAT  IT  IS  COMPLETE,  ACCURATE  AND  CAN 

k RELIED  UPON.  HALLIBURTON  HAS  NOT  ATTEMPTED  TO  CONCEiAL  IN-  ANY  WAY  THE 

ETERIOUS  ASPECTS  OF  THE  PRODUCT  LISTED  HEREIN,  BUT  MAKES  NO  WARRANTY  AS  TO 
H.  FURTHER,  AS  HALLIBURTON  CANNOT  ANTICIPATE  NOR  CONTROL  THE  MANY 
ITUATIONS  IN  WHICH  THE  LISTED  PRODUCT  OR  THIS  INFORMATION  MAY  BE  USED  BY  OUR 
#TOMER,  THERE  IS  NO  GUARANTEE  THAT  THE  HEALTH  AND  SAFETY  PRECAUTIONS 


liGESTED  WILL 


PROPER  UNDER  ALL  CONDITIONS. 


I-S  THE  SOLE 


JPONSIBILITY 


F  EACH  USER  OF  THE  LISTED  PRODUCT  TO  DETERMINE  AND  COMPLY  WITH  THE 

RUIREMENTS  of  all  applicable  laws  and  REGULATIONS  REGARDIN(3  ITS  USE 
ORMATION  IS  GIVEN  SOLELY  FOR  THE  PURPOSES  OF  SAFETY  TO  PERSONS  AND 
PERTY.  ANY  OTHER  USE  OF  THIS  INFORMATION  IS  EXPRESSLY  PROHIBITED. 
QVERNMENT  REGULATIONS  DEPARTMENT,  HALLIBURTON  SERVICES. 


THIS 


pal:f; 


CAL  - SEAL  <EA--2)  .  AP0I7  CUE 


MATERIAL  SAFETY  HAT  A  SHEET 
HALL  I  PUR  rOH  Sfc.  RV 1  CEE; 
DUNCAN  .  OKLAI-IONA  /SUSS 


DATE!  07-J6  V 
REVISED  DATE  OS-SV- 


EMEP(5ENCY  TELEPHONE:  400/251 --3565  O'?  405/251-3569 
AFTER  HOURS:  405/25 1“-3760 


*  *  *  *  *  *  *  *  *  SECTION  I  -  PRODUCT  DESCRIPTION 


*  *  *  *  *  -A-  -A  A  A  A-  -A 


tICAL  CODE:  CAL--SEAL  <EA~2)  ,  ADDITIVE 


PART  NUr^BER:  89050 13:1.0 


«  QTY:  100=lt  M/U  PAPER  BAG 
I^VICE  USED:  CEMENTING 


APPLICATION:  ACCELERATOR,  TEMPORARY  PLUG-S 


********  SECTION  II  •••  COMPONENT  INFORMATION 


*  *  *  *  *  A-  *  A-  A-  A- 


COMPONENT-*-  •*•  -*■  -*•  •*• 


PERCEN'T  TLV 


■CIUM  SULFATE  HEMIHYDRATE  >  60  %  10  MG/M3  15  MG/M3 

•A-  A-  A-  A  *  A  A-  A  A  A  A  SECTION  III  PHY'SICAL  DATA  —  a  a  a  a  a  a  a  a  a  a  a  a  a 


PROPERTY 


■ASUREMENT 


PJJEARANGE  WHITE  SOLID,  POWDER 

Ar  odorless 

WCIFIC  GRAVITY  <l-!20=«l)  2.700 

LiLK  DENSITY  75.00  LB/'SU.FT. 

110.4 
UB.i;i.  ITY  IN  WATER  AT 
0  DEG  C.  GMS/IOOML  1-120  0,2% 

I  DEGRADABILITY  N/0 

CEN’i'  VOLAT.ILES  N/A 

PCiRAriON  RATE  (BUTYL  AQETATE^^l)  N/A 
APOR  DENSITY  N/A 

fOR  PRESSURE  (MMI-IG)  N/D 

LING  POINT (760  MMHG)  N/A 

OUR  POINT  N/A 

fEZE  POINT  N/A 

UBILITY  IN  SEAWATER  NOT  EVALUATED 

TITION  COEF  (OCTA:NOL  IN  WATER)  NOT  EVALUATED 


A  A  A  A  A  A  A  A  SECTION  IV  -  FIRE  AND  EXPLOSION  DATA 


A  A  A  A  A  A  A  A  A  A 


ND  C 


FPA(704)  RATING: 

■HEALTH  0  FLAMMABILITY  0  REACTIVITY  0  SPECIAL  NONE 

iJsH  POINT  N/A 

UTOIGHITION  TEMPERATURE  ND  F  /  ND  C 

JMMABLE  LIMITS  <0Z.  PER  CU .  FT.)  LOWER  N/D  UPPER  N/D 

A +  +  •♦•  +  +  A  +  +  t-  A  A  A  A  A  A  4-  A  +  A  A  A  A  A  A  A  A  A  A  A  4-  -4 •  t-  -f-  4-  A  A  i-  i-i- 4-  A  A  -4-  A  -i- 

J'NGUISHING  MEDIA: 

USE  MEDIA  APPROPRIATE  FOR  SURROUNDING  MATERIALS. 

.||CIAL  FIRE  FIGHTING  PROCEDURES: 

■  not  APPi..ICABI,.E. 

NUSUAL  FIRE  AND  EXPLOSION  HAZARDS: 

■  NOT  APPLICABLE. 


vV  -A  -A  -A  A  A-  A  A  A  A  A-  SECTION  V  "•  HEALTH  HA.ZARG  DATA 


'A*  ‘A'  A'  A‘  A'  ’Ar  A 


*.I  FO  !;:N  I A  F  RC  POS I  f  I  ON  65  : 

UuCi  OR  PRODUCr  components  ape  no  I  REGULATED  UNPER  CALIF.  PkOPOSJlION  66 


^INOGENIC  DETERMINATION: 

RODUCT  OR  COMPONENTS  ARE  NOT  LISTED  AS  A  POTENTIAL  CARCINOGEN 
CjDROING  TO  :  "NIP,  lARC,  OSHA ,  OR,  ACJGH" . 

RODUCT  TOXICirV  DAIA:  TOX  IHL-HMN  TCLO:  19<?000  MG/M3/JOY-3 

IACU  fLMVS.OUER  1000  PPM 

DUCr  TLU:  NUISANCE;  10  MG/M3<T) 


■» - - - - -  EFFECTS  OF  EXPOSURE  . . — - - 

cBtES  of  EXPOSURE: 

EYE  OR  SKIN  CONTACT,  INHALATION. 

JMAY  BE  IRRITATING, 

N: 

^AY  CAUSE  MILD  ALLERGIC  SKIN  REACTION  IN  SUSCEPTIBLE  INDIVIDUALS, 
■PROLONGED  OR  REPEATED  SKIN  CONTACT  MAY  CAUSE  SEVERE  IRRITATION  OR  BURNS 
^SPECIALLY  IF  SKIN  IS  MOIST  OR  IF  MATERIAL  IS  CONFINED. 

NHALATIONi 

JMAY  BE  IRRITATING. 

ESTION: 

NO  DATA  AVAILABLE 

1  IONIC  EFFECTS: 
m  CHRONIC  EFFECrs  EXPECTED, 

'eR  SYMPTOMS  AFFECTED: 

JA  REVIEW  OF  AVAILABLE  DATA  DOES  NOT  IDENTIFY  ANY  CONDITIONS  WORSENED  BY 
EXPOSURE  TO  THIS  PRODUCT. 

. . . . . . -  EMERlSENCY  AND  PIRST  AID  PROCEDURES  . . . . - 


IIHMEDIATELY  FLUSH  EYES  WITH  PLENTY  OF  WATER  FOR  AT  LEAST  15  MINUTES.  .IF 
IRRITATION  PERSISTS,  -SEEK  PROMPT  MEDICAL  ATTENTION. 

KXNi 

I  PROMPTLY  WASH  SKIN  WITH  SOAP  AND  WATER.  WASH  CLOTH.InG  BEFORE  REUSE. 

ALA f ION  I 

REMOVE  TO  FRISSH  AIR.  IF  IRRITATION  PERSISTS,  SEEK  MEDICAL  ATTENTION, 
NGESriDN: 

100  NOT  INDUCE  VOMITTNfS!  IN  GENERAL,  NO  TREATMENT  IS  NECESSARY  UNLESS  LARGE 
IWANTITIES  ARE  INGE-STED.  HOWEVER,  MEDICAL  ADVICE  SHOULD  BE  OBTAINED. 


*  *  *  *  *  *  *  *  A-  A'  SECTION  VI  -  REACTIVITY  DATA 


A-  A-  -A-  A-  A-  A-  A-  A  A  A  A-  A- 


l”eiLlT  V:  STABLE 

aOITIONS  TO  AVOID: 

NUT  APPLICABLE. 

DriPATIBlLlTY  (MATERIALS  TO  AVOID): 
NONE  KNOWN. 

•ARD  POLYMERIZATION;  WON"!  OCCUR 
D IT. IONS  TO  AVOID: 

NOT  APPLICABLE. 


A-  A-  A-  *  -A-  -A-  -A-  A-  SECTION  VII  -  SPILL  OR  LEAK  PROCEDURES 


•A  A-  A-  A-  A-  A  A  -A-  A- 


T^PS  TO  BE  TAKEN  IF  MATERIAL  IS  RELEASED  OR  SPILLED: 

■use  PROTECTIVE  EQUIPMENT.  SWEEP  UP  A.ND  REMOVE.  AVOID  CREATING  DR  INHALXNTS 
■  oiiST . 

'ASTE  DISPuGAL  METHOD; 

IIP  NOT  CONI AMINATLD,  REUvSE  PRODUCT. 

GET  i-i-?RiJVAL  FROM  LANDFILL  OPERATOR  AND  ■IKaN'.-POH  C  10  SANITARY  LANDFILL. 


A  vv  A-  *  vv  A  A  SECTION  VIII  ■"  SPECIAL  PROJECT  ION  INI-ORMATION 


•A‘  vV  'A*  vV  'A*  'A' 


iSPIRA'lGRY  PROTECTION  (USE  NIOSH/MSHA  APPROVED  EQUIPMENT): 


for  NORMALLY  NECESSARY. 

OX  I C  DUS  T  /M  ;t  ST  RES  P I  RA  TOR. 
ENTILATIONi 

■gUSE  ONLY  lJ.rri-!  ADEQUATE  VENTIT. AT.TON . 
•fECTIVE  OLOVES: 

•normal  work  GLOMES. 

PROTECf  :f;ON ! 

50GGLES  AND/OR  FACE  SHLELIl. 
lER  PROTECTl'ME  EQUIPMENT! 

NORMAL  WORK  COMERAI..LS. 


I 

% 

i 

M 

i 

I 

I 


*  *  *  *  *  *  *  *  *  *  SECTION  IX  -  SPECIAL  PRECAUTIONS 
AUTIONARY  LABELING  CAL-SEAL  <EA“2> ,  ADDITIME 


'A'  'A'  •A'  'k  "A'  A‘  A' 

890.501310 


CAUTION ! 

IRRITATING  TO  THE  EYES,  SKIN.  AND  RESPIRATORY  SYSTEM. 

fROLONGED  OR  REPEATED  SKIN  CONTACT  MAY  CAUSE  SEVERE  IRRITATION  OR  BURNS 
SPECIALLY  IF  SKIN  IS  MOIST  OR  IF  MATERIAL  IS  CONFINED. 

MAY  CAUSE  ALLERGIC  SKIN  REACTION  IN  SU£)CEPTIE}LE  INDIVIDUALS. 

OR  PRECAUTIONARY  STATEMENTS,  REFER  TO  SECTIONS  IV-VIII. 
lER  HANDLING  AND  STORAGE  CONDITIONS) 

STORE  IN  DRY  LOCATION  TO  PROTECT  PRODUCT  QUALITY. 

, AVOID  CREATING  OR  INI1AI..IMG  DUST. 

AVOID  CONTACT  WITH  SKIN,  EYES  AND  CLOTHING. 

TAINER  DISPOSITION! 

EMPTY  CONTAINER  COMI-LETELY .  DISPOSE  OF  EMPTY  CONTAINER  IN  SANITARY  LANDFILL 
BY  FIRST  OBTAINING  LANDFILL  OPERATOR'S  AUTHORIZATION. 


-A'  *  *  A-  A  A-  A  A  SECTION  X 


T RANG PO  RT AT I ON  I NFO RMAT I ON 


A  A  A  A  A  A  A  A  A 


I 

I 


SH I P  P ING  OESC  R I PT I ON ! 
RESTRICTED 


A  A  A  A  A  A  A 


SECTION  XI  ENVIRONMENTAL  EVALUATION 


A  A  A  A  A  A  A  A  A  A 


PA  SUPERFUNIXSARA)  TITLE  III  -  HAZARD  CLASSIFICATION  ASSOCIATED  INFORMATION 

IFIRE!  N  PRESSURE:  N  REACTIVE!  N  ACUTE  (IMMEDIATE)!  Y 
CHRONIC  (DELAYED)!  N  MIXTURE  OR  PURE  MATERIAL.!  MIX 


I 

i 

I 

I 

I 

I 

I 


EPA  -  CERCLA/SUPERFUND,  AO  CFR  302  (REPORTABLE  SPILL  QUANTITY) 

N/A 


P;PA  -  SARA  TITLE  III,  CFR  355  (EXTREMELY  HAZARDOUS  SUBSTANCES) 
PRODUCT  CONTAINS  NO  EXTREMELY  HAZARDOUS  COMPONENTS 

EPA  ~  SARA  TITLE  III,  AO  CFR  372  (LIST  OF  TOXIC  CHEMICALS) 
CHEMICAL  CONTAINS  NO  TOXIC  INGREDIENTS 

COMPONENTS  LISTED  ON  FOLLOWING;  CHEMICAL  INVENTORIES 

rCCA  YES  CEPA  NE  EEC  YES  ACOIN  YES  NPR  ME  ORSM  NE 

EPA  -  RCRA  (HAZARDOUS  WASTE),  AO  CFR  261 

IF  PRODUCT  BECOMES  A  WASTE,  IT  DOES  NOT  MEET  THE  CRITERIA  OF  A 
HAZARDOUS  WASTE: 


-A-  A-  A-  A-  A>  A-  A-  A-  A-  A-  A-  A-  A  A  A-  A-  A-  A-  A-  A-  A-  A-  A-  A-  A-  A  A-  A  A-  A  *  A-  A-  A  A 


1-^  ]N!-0RM-^T1C5N  WHICH  IS  CONTAINED  IN  THIS  DOCUMENT  IS  eAS.ED  UPON  AVAILAiSLE 
Aa  and  believed  TO  BE  CORRECr.  HOWEVER,  AS  SUi;;H  AS  I'l  HAS  BEEN  OBTAINED  FROM 
AlOUS  SOURCES,  INCLUDING  THE  ^5ANUFAC■^URER  ano  INDB  PB.NDENI  LASORA)  ORIES ,  I  f  IS 


»N  WITHOUT  WARRANTY  OR  REPRESENTATION  THAT  IT  IS  COMPLETE,  ACCURATE  AND  CAN 
ELIED  UPON.  HALLIBURTON  HA-S  NOT  ATTEMPTED  TO  CONCEAL  IN  ANY  WAY  THE 
ELETPRIOUS  ASPECrS  OF"  THE  PRODUCI'  LISTED  HEREIN,  BUT  MAKES  NO  WARRANTY  AS  TO 

f-!.  FUPTHEi;,  AS  HALL  I  BUR  TON  CANNOT  ANTTCIPATE  NOR  CONTROL  THE  MANY 

JAflONS  J.N  UHJUH  fT-iE  I.  ISTb'D  PRODUCI  OR  THIS  I NF ORMAIION  MAY  BE  USED  BY  OUR 
lOMEP,  THERE  IS  NA  (SUARAwrEE  THAT  THE  HEAL  fH  A.ND  SAFETY  PRECAUTIONS 

CESTEO  WILL  BE  PROF'ER  UNDER  ALL  CONDITIONS.  IT  IS  THE  SOLE  RESPONSIBILITY 
ACH  USER  OF'  THE  LISTED  PRODUCT  TO  DETERMINE  AND  COMPLY  WITH  THE 
IREMENTS  OF'^  ALI,.  APF'LICABLE  LAWS  AND  REGULATIONS  REGARDING  ITS  USE.  THIS 
NFORMATION  IS.  (5IVEN  SOLELY  EOR  THE  PURPOSES  OF  SAFETY  TO  PERSONS  AND 
I^PERTY.  ANY  OTHER  USE  OF  THIS  INFORMATION  IS  EXPRESSLY  PROHIBITED. 

»;RNMENT  regulations  department,  HALLIBURTON  SERUICES. 
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This  lepott  is  the  property  of  Halliburton  Setvicesend  neither  It 
nor  any  part  thereof  nor  a  copy  theieof  is  to  be  puWtahod  or 
disclosed  without  first  seoiring  the  express  written  approval  of 
*  lid)oratoiymanaoeinent;itmayhowever,beusedlntheeourBe 
of  regular  business  operation  by  any  person  or  oorwarn  and 
employaea  thereof  receiving  such  report  from  HaWburton 
Services* 

Cement  teat  accuracy  data  indicate  that  an  average  range  of 
conlldenoe  for  cement  testing  is  ±  20%  depending  on  specific 
well  condiHona. 

Although  standard  API  cement  testing  procedures  are  foHowed 
as  clo^  as  possible,  deviations  from  these  procedures  are 
made  as  dictated  by  specific  well  parameters. 


Wtt  give  below  fesulta  of  our  examination  of _ 

through  perforations  ajxd  a  gravalpack 


Submitted  by . 


Marked* 


_ Veil;  Several  water  veils 

Depth:  800-1000* 
Temperature:  — 90*F 
Formation:  N/A 


Lease:  N/A _ 

Field:  Salinas  Basin 
County:  Monterey 
State:  California 


Purpose 


The  slurries  were  submitted  for  evaluation  in  water  veil  abandonments 
and  their  respective  efficiencies. 


Comments 

The  data  in  this  report  can  be  found  in  Lab  Notebook  LA022,  page  54. 
The  lab  data  obtained  suggests  that  the  sand/cement  slurries  currently 
used  in  the  modeled  water  well  abandonments  do  not  cement  the 
gravelpack  but  only  the  casing.  To  obtain  a  complete  abandonment 
(i.e. ,  cementing  both  casing  and  gravelpack  to  the  formation)  slurries 
without  sand  should  be  tried. 


1^  OTI  ^  P  •  ***  ana  is  in«  arooany  d  HalUounon  Sennees. a  Division  of  haliibunon  Comoany.  the  oaia  reoonea  mtenvea  for  •>’'*  onvaie  infctmanon  of  t 

iM  w  I  I  wC.  aoov«namMoany..siirr.iiedto(nes3.-'-.;'e<si3esciit)ea.accotCingty.anyoseto(!r  SieoetlagresstnaiHaii.bunonsnailnotoei'ao'.fS'arv  ossoroamage.'egaroie 
rA*,.o  anv a."  0' cm'.?.'"  ,>  “.I'l'bunon.  .esuisino from ira  _se c  :'e  caia  >«cor;«o  herem,  ar.o  HaK.burion iraKe*  * ;  .".a-'cv  es  i.-«oress o: '<noi * 
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Discus.’slon 


Introduction 

A  typical  vaterwell  In  the  Sallnae  area  Is  completed  as  shown  in  Figure  1.  The  wells  are 
produced  for  a  finite  period  and  then  abandoned.  Possible  reasons  for  abandoning  a 
waterwell  are  ground  water  contamination  and  salt  water  eucroachment. 

The  current  abandonment  technique  Involves  pumping  or  dumping  either  a  seven  part  or  nine 
part  sand/cement  slurry  down  the  casing.  This  contlr^es  until  cement  is  obtained  at  the 
surface.  The  problem  noted  recently  has  been  that  crossflow  in  abandoned  wells  between 
salt  water  zones  and  fresh  water  tones  is  suspected  of  contaminating  surrounding  wells 
and  other  fresh  water  zones.  This  report  examines  both  currently  used  abandonment 
slurries  and  alternate  slurries  for  these  abandonments. 

The  lab  testing  was  broken  into  three  different  phases.  These  phases  were  chosen  to 
break  the  abandonment  process  into  its  separate  parts.  The  phases  are:  1)  pumping  the 
slurry  down  the  casing,  2)  slurry  flow  through  the  perforations  or  slots  and  3)  slurry 
flow  through  the  gravel  pack  to  the  formation  for  a  complete  seal.  The  slurries 
evaluated  during  the  testing  are  given  in  Table  1.  They  consist  of  two  currently  used 
sand/cemant  slurries  and  three  possible  replacement  slurries.  Table  2  briefly  describes 
the  actual  flow  tests  performed. 

Perforation  Teats 

The  apparatus  used  for  the  perforation  flow  tests  is  shown  in  Figure  2.  The  perforation 
size  of  one-tenth  of  an  inch  (0.100")  was  chosen  to  model  the  slots  used  in  the  actual 
wells  which  are  0.100  inches.  Tlie  results  are  given  in  Table  3.  The  only  slurries 
which  failed  were  the  sand/cement  slurries.  A  plot  of  sieve  opening  versus  cumulative 
weight  retained  for  the  sands  used  in  the  sand/cement  slurry  explains  why  these  slurries 
failed  (Figure  3).  The  D.^,  or  the  diameter  which  50Z  of  the  sand  is  retained  on  a 
sieve,  was  0.0325"  for  the  Logan  sand  and  0.025"  for  the  Hollister  sand.  The  I^cq's  oi 
both  sands  falls  into  the  optimum  plugging  size  range  for  an  opening  of  0.100".^'^0ptimum 
plugging  has  been  shown  to  occur  when  the  particle  size  diameter  is  approximately  1/4  to 
1/3  the  opening  diameter  (see  References  1-3).  For  a  O.lOO"  opening,  the  optimum 
plugging  diameter  range  of  0.025"  to  0.033"  would  be  calculated.  Unfortunately,  this 
range  is  almost  exactly  the  value  for  both  the  Logan  and  Hollister  sand. 

Cravelpack  Tests 

The  gravelpack  flow  tests  were  performed  on  the  apparatus  shown  in  Figure  4.  The  results 
are  listed  in  Table  3.  Every  slurry  which  passed  the  perforation  test  (Slurries  2f«3  and 
4)  also  passed  the  gravelpack  tests.  Again,  Slurries  2,  3  and  4  passed  the  gravelpack 
tests. 


^  I  ^  P  •  '*'*5  preoareo  by  and  is  the  pfooedy  o<  Hatitbudon  Services,  a  Divtsion  ot  Halliburton  Company,  the  data  reported,  mtendedfor  the  private  mtormation  o*  the 

■  lwS«e  soove  named  party,  is  limited  to  the  sanpieisi  described,  accoromdiy.any  user  o<  this  report  aorecs  that  HaHiburton  shall  not  be  liable  forany  loss  or  damage,  regardless 
ct  cause,  mciudirtg  anv  a  :t  or  omission  oi  Haiiibgnon.  resulting  horn  th«  use  of  the  oata  repenod  nerem.  ano  Halliburton  makes  no  warranties,  express  or  implied. 
Ah<»jnef  of  i.tness  io<  ^  '‘icular  purpose  T.e'cna.-»:3Pi'‘?/o'  cthen^rtse  a*;  to  me  accuracy  oi  me  data  reported 
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Discussion 


The  perforation /gravelpack  tests  were  performed  with  the  apparatus  shown  in  Figure  5. 

The  results  are  listed  in  Table  3.  Slurries  2»  3  and  4  passed  the  test  both  with  and 
without  a  15%  w/w  contamination  of  formation  sand  in  the  gravelpack.  The  only  parameter 
which  changed  was  the  pressure  required  to  push  the  slurry  through  the  gravelpack.  As 
expected,  the  slurry  with  the  lowest  viscosity.  Slurry  4,  was  the  easiest  to  push  through 
the  perforation  and  gravelpack. 
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NOTICE: 


Figure  1.  General  Well  Schematic  for  Typical 
'  Water  Well  Completion 
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This  repott  wsspreparedbyandisthe  prooeny  o*  Halliburton  Sarvices  a  Division  of  Halkbucton  Company,  tha  data  rapoitad.  intandad  lor  the  private  information  of  the 
above  named  party,  is  limited  to  the  samplefsi  descnbed:  accordingly,  any  user  of  this  report  agrees  that  Halliburton  shall  not  be  liable  lor  any  loss  or  damage,  regardless 
of  cause,  including  any  act  or  omission  of  Hallibunon.  resulting  from  the  use  of  the  data  repotted  herein:  and  Halliburton  makes  no  warranties,  etpress  or  imolied. 

«•  •••  s.v  •>  a  a..  Me  A«hoek^t<fA  teh  tHa  arrnrarv 
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Figure  2.  Perforation  Flow  Test 


Cement  or  Cement/Sand 


Slurries  Pumped  at  30  psi 


IX) 


LOSANG6USOI\nSIONU»ORATORYREK)OTN^ 


LOS  ANGELK  DIVISION  LABORATORY  REPORT  NO. 


CRZ-C99-0354-091787 


Figure.  Gravelpack  Flow  Test 


Cement  Slurry 
Pumped  at  30  psi 
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Perforation  -  Gravelpack  Flow  Tests 


Cement  Slurry 
Pumped  at  30  psi 


notice: 
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Table  1.  Slurry  Composition  of  Cements  Evaluated 


Slurry  No. 
lA 

IB 

2 

3 

A 


Slurry  Composition 

Premium  Cement  *  7  yds.  of  Sand 
per  1  yd.  Cement 

Premium  Cement  *  9  yds.  of  Sand 
perl  yd.  Cement 

50:50  Pocmlx  A  Cement  * 

2%  Gel  (14.15  ppg) 

Premium  Cement  (15.8  ppg) 

Premium  Cement  *  IZ  CFR<-3  (15.8  ppg) 
'Dispersed  or  Thinned  Slurry" 


M  OTI C  P  ***  l’^'***  by  and  « the  prooerty  o(  Mallibgtion  Sendees,  a  Division  o(  Melliboiton  Comtany.  the  data  reoorted.  intended  tor  the  private  intofmation  c*  th< 

abavenainadpaily.iaiin»*M'nihesanipie(sideacribed;ecco<dingiy.anyusero<thiarepo>tagreetthatHallit>urtonahaUnotbeliableloranylossordamage,regaidies 

rail.#  iiwiiidino  anv  '•nission  at  Hallibunoa  resulting  from  the  use  ol  the  data  reported  herein:  and  Halliburton  makes  no  warranties  eipress  or  implies 
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Test  No, 
1 

2 

3 

4 


NOTICE: 


Table  2.  Test  Descriptions 


Test  Description 

The  slurry  vas  pumped  under  30  psl  pressure  (when  required)  throu^  the 
perforations  (0.100”)  in  the  one  inch  (1”)  pipe  (Figure  2).  k  pass  Indicates 
the  slurry  showed  no  plugging  tendencies  ar.d  a  fail  indicates  the  slurry 
plugged  off  the  perforations. 

The  slurry  was  pumped  under  30  psi  pressure  (when  required)  through  the 
gravelpack  column  (Figure  4).  A  pass  Indicated  the  slurry  did  not  plug  the 
sandpack  and  a  fall  Indicated  the  slurry  plugged  the  gravelpack. 

The  slurry  was  pumped  through  the  perforations  and  out  into  the  gravelpack 
(Figure  5)  under  30  psl  pressure  (when  required).  A  pass  indicated  the 
slurry  successfully  went  through  both  the  perforations  and  gravelpack.  A 
fall  indicated  that  the  slurry  plugged  off  at  either  the  perforation  or  the 
gravelpack. 

Similar  to  Test  3.  except  formation  material  at  2SZ  w/v  vas  used  to 
contaminate  the  gravelpack. 


This  tepotf  was  preoared  by  and  is  Ihe  oiowi-  /  o(  Halbbunon  Services,  a  Owsion  o(  Halliburton  Comcany.  the  data  teoorted.  intended  for  the  pnvate  mfor mation  of  tr 
above  naiM  party.  IS  iim-4d  to  the  same  ‘“senbed.  acco'dmgly.anyuser  of  Ihisreoort  agrees  that  Halliburton  snail  notbeliableforanylossordamage.redarolet 

r.iic#  inriiirtino  a"**  in  Or  omission  -'jrton.  lesoiting  from  the  use  of  the  data  reported  herein,  and  Halliburton  makes  no  warranties,  express  or  implie 
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Table  3.  Test  Results  of  Various  Flow  Tests 


Test  Ro.  Slurry  Ho.  Pass /Fall  Notes 


1 


I 

1 


I 

1 

2 

2 


2 

3 


3 


lA 


IB 

2 


3 

A 

2 

3 


A 

2- 


3 


A 


Fall 

Fall 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 


The  slurry  plugged  off  the  perforations 
Immediately.  The  fluid  leaked  from  the 
perforations  at  a  very  low  rate  was  clear  water 
characteristic  of  fluid  loss  test  filtrate 
material. 

Similar  to  Slurry  lA,  Test  1  results. 

A  pressure  of  10  psl  was  required  to  push  the 
slurry  out  the  perforations.  No  plugging  was 
detected  (all  perfs  open  at  end  of  test). 

No  pressure  was  required  for  the  slurry  to  flow 
‘  through  the  perforations. 

Similar  to  Slurry  3»  Test  1. 

A  pressure  of  10  psl  was  required  to  push  Slurry  2 
through  the  gravelpack.  No  plugging  detected. 

The  slurry  flowed  through  the  gravelpack  with 
5  pal  pressure  required.  No  plugging  was 
detected. 

The  slurry  flowed  through  the  gravelpack  with  no 
pressure  required. 

A  pressure  of  10  psl  was  required  to  move  the 
slurry  through  the  perforations  and  the 
gravelpack.  No  plugging  was  detected. 

No  plugging  was  detected.  A  pressure  of  5  psl  was 
required  to  push  the  slurry  through  the 
perforations  and  gravelpack. 

No  plugging  was  detected  and  no  pressure  was 
required  to  displace  the  slurry. 
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Table  3.  Test  Results  of  Various  Flow  Tests  (Cont.) 


Test  No. 


Pass/Fall  Notes 


cc:  Mr.  M.  Glassc  )ck/Mr.  J.  Dlller 
Mr.  D.  Smith 
Mr.  K.  Melton 
Mr.  M.  Madere 
Mr.  H.  Kirkpatrick 


A  pressure  of  304  pal  was  required  to  push-  the 
slurry  through  the  perforations  and  contaadnated 
gravelpack. 


A  pressure  of  10  psl  was  required  to  push  the 
slurry  through  the  perforations  and  tha 
contaidnated  gravelpack. 


Hydrostatic  pressure  displaced  the  slurry  through 
the  perforations  and  the  contaainated  gravelpack. 


Laboratory  Analyst 


Respectfully  submitted, 

HALLIBURTON  SERVICES 


Steve  Almond 


VminaCfiS.  a  C.*. 


ih^da'a  rcrv.*  - .  v  inianded  for  the  OfivAie  il\fOfntatiOn  0^ 
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RESPONSE  TO  AGENCY  COMMENTS 


RESPONSE  TO  COMMENTS 


a^HILL 


SUBJECT: 

McClellan  AFB  Water  Well  Abandonment  Project 

Draft  Informational  Field  Report 

Delivery  Order  5007 

PROJECT: 

SAC28722.07 

REVIEWER: 

Will  Rowe,  California  Environmental  Protection 
Department  of  Toxic  Substances  Control,  Technical  and 
Services  Branch 

Agency, 

Support 

DATE: 

November  26,  1991 

Comment:  General-The  Report  describes  the  decommissioning  of  five  (5)  production 

wells  on  or  next  to  McClellan  AFB.  Perforated  zones  and  lift  intervals  are  concisely 
depicted  in  Report  figures. 

(No  response) 

Comment:  Well  Casing  Perforations  Installed  for  Decommis$ioning»The  Report  does 
not  document  the  exact  method  of  perforating  well  casings  for  decommissioning. 
Specifically,  the  Report  does  not  address  well  casings  being  knifed  and  grouted  in 
stages  at  designated  intervals.  This  is  a  deviation  from  the  adopted  Procedures  docu¬ 
ment  which  states  on  Page  V  of  the  Executive  Summary  that  "...Upon  reaching  inter¬ 
vals  of  casing  that  are  not  perforated,  abandonment  will  stop  while  a  downhole  perfo¬ 
rator  is  lowered  into  the  well." 

Rationale  needs  to  be  provided  as  to  why  deviation  from  prescribed  decommissioning 
methods  was  used,  especially  without  concurrence  from  Department  staff. 

Response:  Well  BW-1  was  the  only  well  where  the  casing  was  perforated  at  various 
intervals  in  advance  of  grouting.  Wells  CW-150  and  BW-12  had  existing  perforations 
throughout  most  of  their  length.  It  was  unnecessary  to  perforate  these  wells,  except  in 
the  uppermost  portion  of  the  casing  just  before  grouting.  Wells  BW-2  and  BW-27  were 
perforated  where  necessary  immediately  prior  to  grouting.  Tables  1  through  5  in  the 
Draft  Informational  Field  Report  summarize  the  cementing  operations  at  the  five  wells 
that  were  abandoned. 

Well  BW-1  was  perforated  on  the  first  day  of  cementing  operations.  On  that  day,  the 
cementing  and  drilling  crews  were  set  up  at  CW-150,  when  it  was  discovered  that  the 
packer  would  not  fit  the  casing  at  CW-150.  It  was  therefore  necessary  to  delay  the  first 
abandonment  for  3  days  while  Halliburton  Services  fabricated  a  new  packer.  To  avoid 
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standby  or  additional  mobilization  charges  during  this  period,  the  drilling  crew  was 
directed  to  perforate  various  intervals  in  BW-1, 

At  that  early  stage  of  the  project,  the  abandonment  approach  was  still  being  refined. 
The  perforation  of  casing  in  advance  of  cementing  was  not  regarded  as  a  serious  devia¬ 
tion  from  procedure,  especially  since  two  of  the  wells  were  already  perforated  through¬ 
out  most  of  their  length.  The  possibility  of  casing  damage  seemed  remote,  since  perfo¬ 
ration  is  a  routine  procedure  and  casing  consisted  of  '^-inch-thick  steel.  The  perfora¬ 
tion  of  BW-1  was  not  communicated  to  Department  staff,  because  at  the  time  it 
appeared  routine  and  insignificant. 

Experience  gained  during  the  abandonment  project  will  be  applied  toward  future  aban¬ 
donment  efforts  at  McClellan  AFB.  In  the  future,  casing  will  only  be  perforated  imme¬ 
diately  prior  to  cementing.  In  addition,  close  communication  will  be  maintained  with 
the  Department  of  Toxic  Substances  Control  (the  Department).  All  revisions  and  de¬ 
partures  from  written  procedures  will  be  cleared  before  taking  action.  The  Draft 
Informational  Field  Report  will  be  revised  to  more  fully  describe  the  perforation  proce¬ 
dures  followed  during  abandonment  and  to  explain  why  BW-1  was  perforated  prior  to 
cementing. 

Comment:  Field  Notes-Field  notes  included  in  the  Report  lack  systematic  recording 
of  page  number,  date,  and  site.  Consequently,  these  deficiencies  made  reading  the 
daily  notes  for  each  well  difficult  and  confusing.  It  was  difficult  to  ascertain  which 
well  was  being  described  on  any  given  page  without  searching  through  the  whole  body 
of  notes. 

Response:  The  page  number  was  located  at  the  top  of  each  page.  Notes  were  kept  in 
chronological  order,  with  the  date  placed  at  the  beginning  of  each  day’s  notes.  The 
well  at  which  work  was  taking  place  was  described  in  the  notes  themselves,  which  may 
have  made  it  difficult  to  locate  references  to  a  particular  well  quickly.  The  date  and 
well  location  will  therefore  be  added  to  each  page  of  the  field  notes.  In  the  future, 
notes  will  be  organized  as  recommended  in  the  Department  comment  below. 

Comment:  Recommendations  for  Future  Decommissioning-Future  well  decommis¬ 
sioning  should  follow  the  guidelines  detailed  in  the  Procedures  document  Well  casing 
perforating  for  decommissioning  should  be  done  in  stages  as  recommended  by  TSSB 
staff  (Rich  Mcjunkin)  in  the  December  19,  1990,  meeting  with  McClellan  AFB  staff 
and  CH2M  HILL  personnel  and  described  in  McClellan  AFB  documents. 

Field  notes  should  be  organized  so  that  each  page  is  numbered  and  dated.  The  well 
number  or  location  should  be  written  on  each  page.  A  fresh  page  should  be  used  if  the 
note-taker  moves  between  wells.  The  field  notes  should  include  a  daily  sketch  of  de¬ 
commissioning  progress  by  depicting  the  well  with  grout  intervals,  knifing  intervals, 
and  other  pertinent  information. 
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Response:  A  Well  Closure  Methods  and  Procedures  Report  will  be  prepared  for 
agency  approval  prior  to  the  next  phase  of  well  decommissioning  at  McClellan  AFB. 
Departures  from  approved  procedures  in  this  report  will  be  undertaken  only  after 
receipt  of  advance  approval  from  agencies.  During  the  first  phase  of  decommissioning, 
each  well  was  abandoned  in  stages.  In  the  future,  wells  will  continue  to  be  abandoned 
in  stages,  and  perforations  will  be  made  immediately  prior  to  grouting  a  given  stage. 
Field  notes  will  be  kept  as  recommended  here.  These  note-taking  procedures  will  be 
described  in  the  Phase  II  Well  Closure  Methods  and  Procedures  Report. 

Comment:  Summaiy-Deviation  from  perforating  and  grouting  methods  described  in 
the  Procedures  document  and  recommended  by  TSSB  staff  in  the  December  1990 
meeting,  likely  caused  a  packer  to  become  stuck  and  allowed  filter  pack  invasion  of 
Base  Well  1.  Filter  pack  invasion  resulted  in  delaying  decommissioning  while  filter 
pack  material  was  removed  by  air  lifting  and  the  stuck  packer  removed.  It  also  may 
have  caused  grout-take  to  increase  during  decommissioning. 

The  initial  phase  of  well  decommissioning  at  McClellan  AFB  was  highly  successful,  and 
resulted  in  the  development  of  an  innovative  approach  to  well  abandonment  that  is 
unique  and  has  broad  applications  to  well  decommissioning  in  locations  where  the 
groundwater  may  be  contaminated  in  certain  zones  along  the  well  casing.  Each  well 
was  abandoned  in  stages,  and  only  BW-1  was  perforated  in  advance  of  grouting.  It  is 
uncertain  whether  that  early  perforation  resulted  in  the  filter  pack  invasion,  or  whether 
other  factors  such  as  defects  in  the  casing  led  to  the  difficulties  encountered  on  BW-1. 
However,  in  the  future,  wells  will  be  grouted  immediately  after  perforating  a  given 
stage.  It  is  not  unusual  for  problems  to  occur  in  field  operations  such  as  this,  given  the 
novelty  of  the  approach,  the  age  of  the  wells,  the  high  pressures  generated  downhole, 
and  the  necessity  to  work  remotely  at  depth  without  being  able  to  see  what  is 
happening.  During  future  decommissioning  activities,  McClellan  AFB  will  collaborate 
with  TSSB  staff  to  devise  the  best  strategies  for  dealing  with  technical  problems  as  they 
arise. 
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